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TRANSLATORS'  PREFACE 


The  valae  of  the  Lehrhuch  der  vergleichenden  Entwicklungs- 
geschichte  der  toirhellosen  Thiere  for  students  of  animal 
morphologj  is  too  well  understood  by  those  who  are  familiar 
with  its  scope  and  execution  to  require  any  statement  of  our 
aims  in  undertaking  an  English  translation  of  it. 

In  presenting  to  zoologists  the  First  Part  of  this  work 
we  consider  ourselves  fortunate  in  having  had  the  valuable 
aid  of  the  authors  in  supplementing  the  original  text  by 
numerous  additions,  made  desirable  by  the  rapid  advance  of 
the  science  since  the  date  of  first  publication.  Although  the 
scope  of  the  work  has  permitted  the  addition  of  only  the 
most  succinct  statement  of  the  results  reached  by  embryo- 
legists  in  the  last  five  years,  these  additions  must  prove 
to  be  of  assistance  to  all  students,  and  will,  we  believe,  be 
especially  acceptable  to  those  who  are  already  familiar  with 
the  original  edition. 

In  order  to  spare  the  reader  the  labor  of  comparing 
original  and  translation  for  the  purpose  of  ascertaining 
what  is  new,  the  plan  has  been  adopted  of  enclosing  in 
brackets  [  ]  all  new  matter,  which,  so  far  as  practicable, 
has  been  put  in  the  form  of  footnotes.  Each  of  these  addi- 
tions is  followed  by  the  initial  of  the  author,  or  by  the  word 
*'  Translators,"  to  indicate  the  persons  responsible  for  the  new 
matter.  Owing  to  an  oversight,  the  initial  has  been  omitted 
from  several  of  the  additions  in  the  earlier  chapters.  It 
should  be  stated,  therefore,  that,  unless  otherwise  indicated, 
the  additions  to  Chapters  I. — III.  were  made  by  Professor 
Heider,  those  to  Chapters  IV. — XIV.  by  Professor  Korschelt. 
Brackets  have  also  been  freely  used  in  the  text  to  enclose 
8ach  words  or  brief  explanations  as  the  translators  deemed 
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Dsefol  Bnpplements  to  the  more  litera)  transUtiona  of  tliit 
ori^nal.  In  sach  caaea  ftn  indication  of  the  anthoritj'  has 
been  otnitted,  since  no  uncertainly  ia  likelj  to  resntt  from 
the  omission. 

To  avoid  confusion  in  citation  and  to  indicate  at  a  glut 
the  addUioni  to  th'  r^*— -'■■-■  *«  *be  several  uhaptem,  t 
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references  not  inch 
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SonnenwIiL'iii  A  C.i  :  London.  1892). 

We  are  under  deep  obliitation  to  onr  colle^^es  Doctors 
C.  B.  Davenport  and  G.  H.  Parker  for  their  friendly  and 
Be  If- sacrificing  aBsistancc,  and  we  desire  to  thank  both  of 
them  for  their  aid — Dr.  Davenport  for  having  rendered  ns 
Tslnnble  service  in  revising  the  whole  of  the  manuscript; 
Dr.  Parker  for  assistance  in  revising  parts  of  the  manuscript 
and  reading  the  whole  of  the  proof 

It  is  with  reluctance  that  we  have  felt  compelled  by  the 
pressure  of  other  dntien  to  relinquinh  to  others  the  task  of 
completing  the  translation  of  this  admirable  work.  We 
trust  that  one  of  the  advantages  of  this  change  will  be  the 
more  rapid  publication  of  the  translation  of  the  remaining 
parts  than  could  possibly  have  been  hoped  for  from  ns. 


THE  TRANSLATORS. 


Cambridoc,  Mass.,  U.S.A. 


AUTHORS'  PREFACE 


The  facts  that  the  comparative  embryology  of  Invertebrates 
has  not  had  a  broad  and  comprehensive  presentation  since  the 
appearance  of  Balfour's  Treatise  on  Comparative  Embryology^ 
and  that  the  special  literature  of  this  subject  has  undergone 
an  enormous  increase  since  that  time,  have  forced  upon 
every  one  who  has  been  concerned  with  questions  of  com- 
parative embryology  the  pressing  need  of  a  more  modem 
treatment  of  the  subject.  Inasmuch  as  we  had  occasion  to 
go  over  a  considerable  part  of  the  literature  of  this  subject 
during  the  last  few  years — partly  for  the  purpose  of  courses 
of  lectures  to  be  given,  partly  from  the  requirements  of 
special  investigations — it  was  natural  that  the  idea  should 
have  occurred  to  us  to  utilize  this  preliminary  work,  and  by 
arranging  the  material  acquired  and  further  elaborating  it 
to  issue  the  whole  in  book  form — a  venture  which  was 
undertaken,  and  the  first  results  of  which  have  assumed  the 
form  of  the  present  part. 

Since  it  has  been  our  plan  in  writing  the  present  work  to 
proceed  from  the  special  to  the  general,  and  since  naturally 
some  time  will  elapse  before  the  completion  of  the  whole, 
we  have  thought  that  we  should  secure  the  gratitude  of  the 
reader  if  we  published  the  first  half  of  the  special  part  at 
once.  The  second  half  of  this  part,  embracing  the  Arthro- 
pods, Molluscs,  Molluscoidea,  Tunicates,  and  Amphioxus, 
will  appear  shortly,  while  we  hope  to  finish  the  general 
part,  and  therewith  the  whole  book,  in  the  course  of  the 
year  1890. 

Not  to  begin  the  special  part  of  this  work  too  abruptly, 
we  have  prefaced  it  with  a  short  general  introduction. 

Our  decision  to  limit  the  subject  matter  to  the  so-called 
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invertebrate  animaU  may  require  an  eaplan*tion,  and  porhaps 
also  an  exciiBe.  We  bnve  been  giiidetl  exclusively  by  pran- 
tical  couai derations,  especially  the  favt  ib&t  llio  compamtive 
embryology  of  Vertebrates  has  very  recently  been  t 
hensirely  treated  in  an  excellent  manner,  and  farthw  the 
reflection  tiiat,  with  the  limitation  of  our  field  to  the  In- 
vertebrates, the  tr""*""""*  nf  fc>i»Tt.  ntight  be  so  mnch  the 
more  thorough. 

We  take  the  libi  •  here  our  bext  thanks  to 

Herrti  Gi-heimi'atl  who  boa  aided  u»  in  the 

most  amiable  mam  ttdvice  and  by  h'tn  OKitiAt- 

ance  in  procuring  ikewisc  to  our  publisher, 

who  has  miide  it  the  book  in  its  present 

form 

THE  AUTHORS. 
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INTRODUCTION 


Zoological  research  of  the  last  decade  has  led  to  a  sharp 
separation  of  two  chief  divisions  of  the  animal  kingdom: 
the  Protozoa  and  the  Metazoa,  In  the  gronp  Protozoa  the 
individual  can,  from  its  structure,  be  referred  to  the  funda- 
mental type  of  a  cell.  These  unicellular  individuals  exist 
either  separately  or  united  in  great  numbers  to  form  colonics 
or  corms.  In  the  latter  case,  however,  the  different  indi- 
viduals remain  equivalent  to  one  another  in  structure  and 
function*  In  the  group  Metazoa,  or  Germ-layer  animahy 
on  the  contrary,  there  always  results  a  multicellular  or- 
ganism (cell-community  or  cell-corm),  in  which  the  single 
cells  give  up  their  independence  for  the  good  of  the  com- 
munity, and  accommodate  themselves  to  a  division  of  labour, 
in  consequence  of  which  there  is  brought  about  a  diversity 
in  the  structure  and  function  of  the  cells  of  the  Metazoan 
organism.  While  the  development  and  differentiation  of 
distinct  tissues  with  specific  functions  result  from  this  poly- 
morphism of  the  cells,  the  entire  colony  gains  a  higher 
functional  capacity  and  a  more  complete  unity.  In  this 
way  there  arises  an  individual  of  higher  rank  or  second 
degree,  which  we  designate  as  person.  These  Metazoan  in- 
dividuals also  may,  through  incomplete  separation  after 
budding,  remain  united  in  colonies,  and  then  there  results 
an  individual  of  the  third  degree,  the  stock  or  corm.  By 
adaptation  of  the  stock-forming  persons  to  various  functions, 
accompanied  with  their  polymorphous  development,  a  higher 
functional  unity  may  be  reached  in  this  case  also. 

As  a  result  of  the  division  of  labour  which  is  effected 
among  the  cells  of  the  Metazoan  organism,  it  comes  about 
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that  the  ability  of  reprodacing  the  entire  organism  does  not 
belong  alike  to  all  the  cells.  It  13  confined  rather  to  very 
special  cells,  which  are  known  as  reprtnluctive  celln  (egg-cells 
and  sperm-cells) ;  these  ai-e  cells  which  for  the  most  part 
are  developed  only  in  definite  regions  of  the  organism  {{/enital 
orgaim,  yonads).  The  development  of  the  Metazoan  begins 
with  the  fusion  of  two  morphologically  different  reproductive 
cells  derived,  as  a  rule,  from  iwo  different  individuals 
{feriilivition).  This  kind  of  reproduction,  known  as  sexititl 
reprodnclion,  ia  typical  for  all  Metazoa.  In  many  forms, 
however,  non-sexual  modes  of  reproduction  (by  division  or 
budding)  are  interpolated  in  tlie  life-history,  If  such  an 
interpolation  is  the  rnle,  so  that  two  morphologically  differ- 
ent generations,  one  of  which  Rinltiplies  by  sexual  and  the 
other  by  non-sexual  reproti action,  regularly  alternate  with 
each  other,  then  this  condition  is  known  as  metayenetu  or 
allernatiori  of  generationt.  It  may  also  happen,  however,  that 
there  is  a  regolar  atterniLtion  of  sexual  generations,  in  one 
of  which  reproduction  is  hurmnphi-oditic  or  parthenegenetic, 
while  in  the  other  it  is  by  means  of  separate  sexes.  Here 
also  there  occurs  a  heteromorphous  development  of  tbe  two 
geuei'ations.     We  call  this  condition  hpterogeny. 

Inasmncb  as  the  individual  Protozoan  has  the  morpho- 
logical value  of  a  single  cell,  the  embryology  of  the  Protozoa 
belongs  to  the  province  of  cell  morphology.  For  this  reason 
it  is  usually  excluded  from  the  domain  of  comparative  em- 
bryology of  animals  in  the  stricter  sense ;  in  this  book,  too, 
it  will  receive  no  consideration.  Compamtive  embryology 
accordingly  has  to  do  with  the  development  of  the  Metneoa, 
and,  above  all,  with  their  development  from  the  fertilized 
egg.  Its  chief  problems  consist  in  the  investigation  of  the 
formation  of  the  germ-layers,  the  origin  of  organs,  and  the 
development  of  the  general  form  of  the  body.  Its  purpose 
is  tbe  recognition  of  the  laws  of  development,  the  determina- 
tion of  the  homologies  of  organs,  and  the  deduction  of  the 
ancestral  history  of  the  Metasoa, 

The  Metazoa  constitute  a  single  stem  of  tbe  animal  king- 
dom. It  is  very  probable  that  all  Metazoa  can  be  referred 
to  a  common  ancestral  form,  and  that  certain  correspond- 
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ing  features  in  the  mode  of  development  are  the  result  of 
this  common  descent.  The  earliest  stages  of  development 
in  the  Metazoa  can  readily  be  reduced  to  a  uniform  plan 
characterized  by  the  appearance  of  the  bl<i8tula'  and  gastrula- 
stages  at  the  end  of  cleavage.  One  is  justified  in  the  as- 
sumption that  in  these  two  stages  there  exists,  a  repetition 
of  ancestral  forms  which  are  common  to  all  the  Metazoa. 

In  the  first  stages  of  development  of  the  Metazoa  the 
existence  of  a  chief  or  primary  axis  can  be  recognized,  the 
ends  of  which  are  distinguished  as  the  animal  pole  and  the 
vegetative  pole^  because  in  the  differentiation  of  the  two 
primary  germ-layers,  which  soon  follows,  the  layer  arising 
in  the  vicinity  of  the  animal  pole  {ectoderm)  presides  over 
the  animal  functions  (sense  perception,  locomotion),  while 
the  germ-layer  at  the  opposite  pole  (entoderm)  is  mainly  de- 
voted to  the  functions  of  vegetation  (e.//.,  nutrition).  The 
Metozoa  accordingly  at  first  show  a  monaxial,  heteropolar 
structure.  Frequently  the  chief  axis  can  be  recognized  in 
the  egg-cell  of  the  Metazoa  before  the  beginning  of 
development,  since  the  germi native  vesicle  (nucleus  of 
the  egg-cell)  and  a  dense  accumulation  of  protoplasm  are 
situated  near  the  animal  pole,  whereas  in  the  region  of  the 
vegetative  half  of  the  eg^  a  great  accumulation  of  yolk 
particles  can  be  recognized.  The  animal  pole,  furthermore, 
is  characterized  by  being  the  place  at  which  the  expulsion 
of  the  polar  globules  takes  place  before  fertilization. 

The  process  of  the  cleavage  of  the  egg^  by  which,  after 
fertilization  has  taken  place,  the  embryonic  development  is 
initiated,  is  essentially  an  ever-pix)gres8ing  division  of  the 
egg,  which  takes  place  according  to  fixed  laws,  and  by  which 
the  egg  is  divided  into  a  number  of  cells  {cleavage  spheres, 
bktstomeres),  which  at  first  are  still  undifferentiated.  Ac- 
cording to  the  direction  which  the  planes  of  cleavage  occupy 
in  this  process,  we  distinguish  meridional  and  equatorial 
furrows,  the  former  coinciding  with  the  chief  axis,  the  latter 
being  perpendicular  to  it.  In  this  manner  there  arise 
blastomeres  that  are  at  first  spherical,  but  in  later  stages 
more  or  less  pyramidal  in  form,  and  which  are  arranged 
radially  about  a  point  occupying  the  centre  of  the  egg.     By 
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separationiFf  tlii'  ccIIk  thei'o  soon  nrisex  u  eetitrftl  Rtivity.  the 
cleavage  ear.'h,  ,.r  Fim  Boar's  cnvi'ly  {bliutacflii),  vih'mh  con- 
tinnally  imivnso-.  daring  the  snccpoiling  coll  diTiaioM,  while 
tlie  bias  torn  ore  !i  nrrao^  thpmsolves  abont  thia  cavity  in  a 
sing'le- layer  ejiithelinm  {bUuloii^nn).  Thp  utago  of  ditvulop. 
raentthaa  itHctitil  is  known  aa  the  blattula  or  blanttrnphcf: 
In  the  one-Uivir  lilastula  an  arramrement  of  the  pnrta  of  the 
egf^  abont  tho  tlii  irly  rcco^ixiihlc.     Tht- 

cells  in  the  vicinit  e  are,  aa  a  mlv.Bmallcr 

idea;  whereas  tho  fdln 
nd  richer  in  yolk,  and. 
iflnence  offered  bj  the 
The  wail  of  the  siniflc- 
of  the  pi-imitive  organs 


and  not  ho  rich  in 
of  the  Ttgelfttive  \ 
in  consequence  d' 
nntritivo  yolk,  di\ 
layer  blaat^wphere 
of  the  Metnzoiin  b 

In  the  simnk'st  tat/e  is  developed  out  of 

the  blastutu-Htago  by  the  cell-layer  of  the  vegetative  htU! 
becoming  llutteiicd  and  gradually  depressed,  sn  that  tboix- 
arises  an  ever-deepening  invagination  at  the  vegetative  pole. 
In  this  way  the  cleavage  cavity  {primitive  body  cavity) 
becomes  gradually  reduced,  and  often  is  preserved  only  aa 
a  narrow  cleft  between  the  two  layers  of  the  body-wall 
produced  by  the  metamorphoHiis  already  described.  The 
gastrnla-stage  has  substantially  the  form  of  a  aac.  It 
encloses  a  cavity  which  haa  arisen  by  invagination,  called 
the  arclieiiteric  cavity,  and  opens  to  the  exterior  in  the  region 
of  the  vegetative  pole  by  means  of  the  primitive  month  or 
prosloma  {b/oftoporfj.  The  wall  at  this  stage  consists  of  two 
cell-layers;  an  outer,  the ec(oi/i'rm,  which  is  derived  from  the 
cella  of  the  animal  portion  of  the  blastosphere,  and  an  inner, 
the  eiitoderm,  which  consists  of  the  cells  of  the  former 
vegetative  half,  and  which  haa  reached  the  inside  of  the 
embryo  by  the  proceaa  uf  invagination.  In  the  refj^ion  of 
tfae  blastopore  the  ectodermal  and  entodermal  layers  be- 
come continuous  with  each  other.     Ectoderm  and  entoderm 

'  There  are  reasons  for  thinking  tliat  the  rate  oF  cleavage  ie  not  whollj 
depeniient  on  Ihs  proportion  ot  nutritive  yolk  in  the  bla^touiere.  (See 
Koeuiii,  C.  A., ''On  Some  Lawgot  Cleavage  iu  Limai,"  Proc.  Amtr. 
Arad.  Art!  and  Scituci;  vol.  izix.,  p.  ISO,  1894)  [Tklnhiatobb]  . 
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represent  the  two  primitive  organs — or,  as  they  are  called, 
the  two  primary  germ-layers — resulting  from  the  differentia- 
tion of  the  simple  blastosphere.  The  gastrnla-stage,  which 
recnrs  nnder  various  modifications  in  all  the  Metazoa,  ap- 
pears as  the  recapitulation  of  a  hypothetical  ancestral  form 
{Oastrea),  which  was  characterized  by  the  development  of 
the  archenteron.  Among  the  Metazoa  now  living  many  of 
the  Cnidaria  have  retained  essentially  the  structure  of  this 
hypothetical  ancestor.  In  the  more  highly  developed  forms 
the  two  primary  germ-layers  undergo  various  modifications, 
whereby  additional  organs  are  differentiated.  A  third  layer, 
the  mesoderm  or  middle  germ-layer,  also  grows  in  between 
the  two  cell-layers.  Concerning  the  origin  of  this  we  shall 
speak  farther  on.  Of  the  primary  germ-layers,  the  entoderm 
retains,  even  in  the  higher  Metazoa,  the  function  originally 
belonging  to  it :  that  of  receiving  and  digesting  food.  In 
general  it  constitutes  the  epithelium  of  the  mid-gut.  From 
the  ectoderm,  on  the  other  hand,  arise  usually  the  epidermis, 
and  the  nervous  system,  and  sense  organs,  as  well  as  the 
epithelial  lining  of  the  stomodeal  and  proctodeal  invagi- 
nations. 

We  have  described  above  a  method  of  origin  of  the 
blastula-  and  gastrula-stages  as  it  occurs  in  some,  but  by  no 
means  all,  Metazoa.  It  was  chosen  as  the  type  because, 
with  due  regard  to  the  disturbing  influences  present, 
many  of  the  aberrant  modes  of  development  can  readily  be 
reduced  to  the  plan  here  presented.  Frequently  cleavage, 
the  formation  of  the  blastosphere,  and  the  process  of  gastru- 
lation  are  modified  by  the  presence  and  definite  arrangement 
of  large  masses  of  food-yolk. 

Certain  eggs  with  little  food-yolk  approach  most  nearly  to 
the  plan  presented  above  (e.g.,  those  of  Amphioxus,  Sagitta, 
and  the  Echinoderms).  In  such  cases  cleavage  results  in  the 
production  of  blastomeres  which  are  nearly  uniform  in  size, 
so  that  in  the  completed  blastosphere  only  a  slight  difference 
can  be  detected  between  the  size  of  the  blastomeres  of  the 
animal  and  vegetative  poles.  However,  even  here  those  of 
the  vegetative  pole  are,  as  a  rule,  a  little  more  voluminous. 
This  kind  of  cleavage  is  called  total  atid  equal  cleavage.     It 
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is  called  totnl  dfcsnuo  tlio  entire  tnesMof  llio  egg  is  separated 
by  the  divl.->iiiii  into  blastomoi'es,  and  it  is  called  eqaal  on 
acconnt  of  tin-  upproximntety  equal  size  of  tlie  reflultinu 
blastomeres.  Ttii'  blast d la-stage  which,  with  lai-KC  eentral 
segmentation  i:ivily,  is  prodnced  by  this  cli»Tii|re,  ia  called 
ft  ciflobloittttii  III'  iirchibliuluiii,  wjiereas  the  paflfola  ariKinjr 
fi-om  the  latt.T  b;  >Mii>g  is  called  an  inra- 

giiuilion  gastrula  o 

In  the  egps  of  (  ecinlly  Hydroids,  wlione 

earliest  devclopme  1  exactly  in  the  manner 

dencribed  above —  ,nci  eiqual  segraenlatioii 

and  sabxcqiient  di  lohlastnla — there  exists 

a  method  of  ent4jd<  itrnlation)  which  differs 

somewhat  fit>m  th  (inntion  jast  desoribed. 

althoDgh  it  I'ltn  Im  mn.     Tbia  is  the  forma- 

tion of  the  eiitodei*  I  polar  lUgmrifm.  In  this  case  the 
entoderm  doi'S  not  ai  ise  by  iin  in vairi nation  of  the  colls  iif 
the  vegetative  pole,  but  the  latter  detach  themselves  fi-om 
the  blastoderm  and  migrate  into  the  blastocoele,  which  in 
this  way  gradually  becomes  tilled  with  aclosely  packed  mass 
of  entoderm  cells.  It  is  only  secondarily  that  the  archenteric 
cavity  arises  in  this  mas.s  as  a  tissore,  and  that  a  mouth  is 
formed  by  dehiscence  of  the  wall.  One  sees  that  this  kind 
of  entoderm  formation  can  readily  be  derived  from  that  by 
invagination,  inasmuch  an  the  essential  difference  from  that 
method  of  formation  consists  in  the  fact  that  the  entodei'm 
cells  give  up  their  epithelial  continuity  at  the  beginning  of 
the  ingrowth. 

Closely  allied  to  the  above-described  type  of  total  and 
ecjnal  cleavage  are  forms  in  which  a  more  or  leas  con- 
siderable amonnt  of  food-yollc  ia  deposited  in  the  vegetative 
half  of  the  egg.  On  acconnt  of  this  accnmnlatiou  the  vege- 
tative portbon  of  the  egg  considerably  exceeds  the  animal 
portion  in  maiis.  It  follows  from  this  that  in  the  conrse  of 
cleavage,  which  here  also  in  total,  the  cleavage  cavity  appears 
relatively  small,  and  occupies  a  very  eccentric  position  near 
the  animal  pole.  The  wall  of  the  blastosphere,  which  can 
still  be  called  a  cue  lob  last  a  I  a,  in  this  case  presents  a  con- 
siderable difference  in  thickness  at  the  animal  and  vegetative 
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poles.  We  call  this  kind  of  cleavage  total  unequal  cleavage, 
and  gronp  together  as  holoblastic  eggs  the  forms  belonging 
to  this  type  and  those  previously  mentioned.  The  unequal- 
walled  blastula  that  has  arisen  through  total  unequal  seg- 
mentation can  in  its  further  progress  lead  to  the  formation 
of  a  gastrnla  by  invagination,  but  in  this  case  the  gastrula 
cavity  will  be  relatively  shallow,  corresponding  to  the  small 
size  of  the  segmentation  cavity. 

In  some  other  cases,  on  the  contrary  (e  g.,  in  some 
Annelids),  after  the  conclusion  of  the  process  of  total  unequal 
cleavage,  there  is  formed  a  blastula  in  which  the  cleavage 
cavity  is  reduced  to  a  minimum.  Accordingly  there  results 
from  segmentation  a  more  or  less  solid  cell-mass  (sterrohlas- 
tula)y  in  which  we  can  distinguish  a  portion  composed  of  large 
entodermic  elements  rich  in  food- yolk  from  an  ectodermic 
portion  consisting  of  small  cells.  The  latter  is  placed  upon 
the  former  like  a  small  cap  in  the  region  of  the  animal  pole. 
Here  gastrulation  by  invagination  cannot  take  place  ;  but  the 
gastru la-stage  is  formed  by  the  growth  and  consequent 
increase  in  size  of  the  cap-shaped  ectodermic  part,  whereby 
its  edges  push  themselves  more  and  more  over  the  entodermic 
mass,  so  that  finally  the  latter  is  entirely  included  within 
the  ectodermic  sac.  We  designate  the  solid  gastrula-stage 
arising  in  this  manner  as  a  ctrcumcrescent  or  epihoUc  gastrula 
(sterrogastrula).  By  this'  means  a  gastrula  cavity  is  not 
formed  primarily,  but  arises  only  secondarily  as  a  fissure  in 
the  entodermic  cell-mass.  The  edges  of  the  spreading  ecto- 
dermic layer  must  be  regarded  as  the  blastopore,  which 
accordingly  is  filled  by  a  so-called  yolk-plug. 

The  presence  of  large  quantities  of  yolk  matter  in  the 
region  of  the  vegetative  half  of  the  egg  presents  obstacles 
to  the  progress  of  cleavage  in  that  region.  The  accumula- 
tion of  large  masses  of  yolk  can  go  so  far  that  this  portion 
of  the  egg  does  not  at  first  take  part  in  the  segmentation ; 
but  only  a  small  portion,  situated  in  the  vicinity  of  the 
animal  pole  and  consisting  principally  of  formative  yolk, 
is  divided  into  blastomeres.  Such,  which  undergo  only  a 
partial  cleavage,  are  known  as  meroblastic  eggs,  in  contra- 
distinction to  holoblastic  ones.     There  is  developed  in  this 
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waj  »  disi;-8!ia[M!d  embryonal  part  which  is  Bitnat«(I  on  Mio 
DDNegmtntiHl  yotk-mass  at  tho  animal  pole,  Wo  oaU  this 
type  of  si'irmfiitnti'on,  which  repifweots  tho  most  estramo 
case  of  unci|ijiil  cleara^,  di*e-)iilal  chaoage.  It  cwcora,  for 
example,  in  the  Oephftlopods. 

A  paniiiiliir  ty\ie  of  cle&VAge,  which  doos  not  fit  into  tho 
above  strics,  ot'cn  Arthropods.     Wborww 

all  eggs  iliiis  fur  hnractorizcd  by  a  more 

or  less  eaiiaiderftV  if  yolk  in  the  rcf^ioii  of 

the  vefft'talivo   hi  gn),  the  distrihuljon   of 

the  yolk  being  tu  ic,  the   eggs  of  Arthro- 

pods exhibit  a  r  of  the  yolk  niaasus  of 

snch   nature  that  icidm  with    the   middlf 

point  of  tiio  egg  »).      The  (Irat  cleaYago 

nnclena  lipiv  lies  tho  egg,  whoi-o  by  divi- 

sion it  (■ijiiinifis  into  a  lai-ge  namber  of  naoloi.  which  »vc 
distributi'it  aniff)[-mly  at  the  periphery  of  tho  ejtir.  and  thn» 
^ive  rise  to  the  formation  there  of  a  layer  ol  Bmall  uniform 
blastomereB.  This  celi-layoc  represents  the  blastoderm, 
while  the  cleavage  cavity  of  the  blastuta-stage  prodnced  in 
this  way  is  filled  with  the  unsegmcnted  yolk-mass.  This 
kind  of  cleavage  is  known  as  superticial  chavaije. 

The  modifications  of  development  hitherto  considered  ap- 
pear to  be  dependent  principnlly  upon  the  amount  and  mode 
uf  distribation  of  the  yolk  matter.  We  have  still  to  consider 
some  forms  which  in  the  mode  of  distribntion  of  the  jolk 
recall  the  centrolecithal  eggs,  bat  which  by  their  peculiar 
mode  of  entoderm  formation  prove  to  be  aberrant  forms.  In 
the  tii-st  place,  there  Hhonld  be  mentioned  in  this  connection 
the  kind  of  entoderm,  ftirmati'in  (by  delaniination)  occurring  in 
the  Cnidaria  (Hydroids).  The  typical  case  of  this  kind 
exists  in  the  development  of  the  Oeryonidte.  A  cceloblaatulft 
is  hci-o  formed  by  total  and  equal  cleavage,  and  there  follows 
a  division  of  the  cells  in  such  a  manner  that  an  inner  portion 
rich  in  yolk  becomes  separated  from  a  superficial  part  with 
little  yolk  matter.  In  this  way  there  arises  out  of  the  one- 
layer  sphere  an  arrangement  of  the  cells  into  two  concentric 
hollow  spheres,  of  which  the  inner  contains  the  elements  of 
the  entoderm,  and  the  outer  those  of  the  ectoderm.     One 
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sees  that  in  this  mode  of  formation,  which  cannot  he  com- 
pared to  the  plan  of  gastrnlation  hy  invagination,  the  gastrula 
cavity  arises  from  the  cleavage  cavity. 

Apparently  a  transition  between  the  formation  of  the  entoderm  by 
delamination  and  by  polar  ingression  is  effected  by  a  kind  of  entoderm 
formation  which  has  been  observed  by  Metschnikoff  in  different  Hydroids, 
and  which  is  designated  as  multipolar  ingre$»ion  (i.e.,  ingression  from  ail 
sides),  in  which  single  cells  of  the  blastoderm  migrate  into  the  blastocoele 
from  different  points  of  the  surface  and  here  form  an  entodermic  cell- 
mass.  Nevertheless  the  process  of  forming  entoderm  by  delamination 
remains,  in  contrast  with  the  other  types  of  entoderm  formation,  some- 
what isolated  and  unexplained. 

Closely  related  to  delamination  is  a  kind  of  entoderm  formation  which 
was  formerly  held  to  be  of  frequent  occurrence,  but  whose  range  of  dis- 
tribution has  become  more  and  more  restricted  by  careful  investigation  of 
the  individual  cases.  They  are  the  cases  in  which  the  blastomeres  present 
no  radial  arrangement  about  a  point  within  and  no  definite  relation  to  a 
cleavage  cavity.  Such  a  stage,  which  is  an  apparently  irregular  solid  mass 
of  cells,  without  cleavage  cavity,  has  been  designated  as  morula ;  and  it 
is  assumed  that  by  a  rapid  division  of  the  cells  at  the  surface  an  outer 
oell-layer  is  differentiated  from  the  inner  cell-mass,  so  that  here  also  the 
separation  of  ectoderm  from  entoderm  would  be  brought  about  by  a 
splitting  off  which  takes  place  uniformly  over  the  entire  circumference. 
We  shall  see  that  examples  of  such  a  mode  of  origin  of  the  two  primary 
germ-layers  are  still  ascribed  to  many  Hydroids  and  Anthozoa,  though 
probably  the  greater  part  of  the  cases  referred  to  this  method  can  be 
reduced  to  epibolic  gastrulation,  in  which  event  the  morula-stage,  as  being 
a  Schema  founded  on  erroneous  assumptions,  would  have  to  be  omitted. 

Even  though  the  last-mentioned  modes  of  entoderm  formation,  re- 
stricted as  they  are  to  a  few  kinds  of  Metazoa,  place  many  difficulties  in 
the  way  of  the  conception  that  there  is  uniformity  in  this  process,  it  is 
probable  that  more  careful  investigation  may  succeed  in  bringing  them 
into  accord  with  the  less  aberrant  types  already  mentioned. 

We  have  seen  that  the  chief  axis  of  the  gastrula- stage 
unites  the  anterior  or  apical  (animal)  and  the  posterior  or 
prostomial  poles  with  each  other.  In  the  lowest  types  of 
the  Metazoa — the  Porifera,  Cnidaria  and  Ctenophora — this 
primitive  axis  becomes  the  permanent  chief  axis  of  the  body  ; 
therefore  these  groups  have  been  contrasted  by  Hatschek* 
as  Protaxonia  with  the  rest  of  the  Metazoa,  which  ho  terms 

*  Compare  Hatschek^s  Lehrbuch  der  Zoologie,  Jena,  1888,  p.  40,  as 
well  asp.  69  etaeq. 
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Heteraxonia  ,-i-  flihttria.  In  the  !»tt«r- the  blMtopore 
undergoes  a  mii.mUry  ahiftiofr.  M  that  the  later  chief  asia 
can  no  longer  lie  iileiilified  with  the  priinitiTe  nxiB. 

Tho  laj'eri'il  Hlniclni«  of  the  MetaKoa  becomen  more  com- 
plicated by  till-  iippearance  of  a  cell-layer  introduced  between 
the  ectoderm  uml  entoderm,  trhich  taken  a  jioHition  in  the 


pnmitive  boily  t-ai' 

of  the  cleavage  cavity. 

and  is  desipniutd 

\ddU  germ-lay;r.     Thin 

name  is  applied  t< 

■oduced  between  e<;to- 

derm  and  entodei 

'nini   both  by  a  sharp 

boundary,  biil   it  ■ 

urrby  to  maintain  tlir 

homology  of  this  Ii 

jiKon.    On  the  contrary. 

it  appeara  tliut  in 

iw>derniic  layers  wrrc 

independently    nci^ 

ways.      Even   in    thu 

Bilateria  thi'   lii>m 

derm  in  all  (jronps  is 

not  absolutely  liihuiu'. 

'ORn 

it  may  be  a^Bumod  n« 

probable. 

e  Bilftt«ria  ari 

ues  as  a  rale  out  of  the 

primary  entodenn,  wh 

ch 

n  such  ca 

sea  is  divided  into  two 

parts :  mesoderm  and 

ondaiy  en 

toderm.     In    regard  to 

the  mode  of  oriRin,  we 

an 

distinguis' 

two  sharply  separated 

types:    the  formation 

out 

of    tiro  p 

rimilive  mesoderm    cellf 

and  the  formation  by  the  production  of  diverticula  of  Ihi' 
iirrlietitprw.*  The  first  type  is  widely  distributed  among  the 
Dilnteria.  At  an  early  period  there  become  conspicuous  at 
the  prostoma  of  the  gnstrula-stage  two  peculiar  cells,  by 
whose  position  the  median  plane,  which  passes  between  the 
two,  is  determined.  These  cells  are  known  as  the  primitive 
mesoderm  cells.  They  move  into  the  space  between  the 
ectoderm  and  entoderm  (therefore  into  the  primitive  body 
cavity),  and  by  proliferation  give  rise  to  two  paired  cell- 
bands,  which  are  called  the  meioilenn  bauds,  and  out  of 
which  the  organs  of  the  mesoderm  are  constrncted.  The 
formation  of  the  mesoderm  by  the  production  of  diverticula 

'  An  a  third  typo  of  mesoderm  lormation  one  might  perhaps  cite  the 
tormalion  of  a  iu»riicJiHriiii  ^compare  p.  II)  in  those  cases  in  which,  as 
in  the  NeraerleBna  and  Echinodemia,  numerous  wHnderinM  cells  mittrate 
into  the  blastociele  at  an  early  period.  Yet  this  type  could  perhaps  be 
reduced  to  one  o(  those  mentioned  above. 
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of  the  archenteron,  as  it  occurs  in  the  Chcetognatha,  Brachio- 
poda,  and  Chordonia,  consists  in  the  development  of  paired 
sac-like  diverticula  of  the  archenteron,  which  become 
constricted  off,  and  then  as  independent  coelomic  sacs  give 
rise  to  the  systems  of  organs  of  the  mesoderm.  Different 
as  these  two  kinds  of  mesoderm  formation  appear  to  be, 
they  nevertheless  can  be  i-educed,  like  the  processes  of 
gastrulation  by  invagination  and  by  polar  ingression  already 
described,  to  a  uniform  plan,  if  we  assume  that  in  the  first 
case  the  mesodermic  element-s  at  an  early  period  abandon 
(as  primitive  mesoderm  cells)  epithelial  continuity  with  the 
entoderm,  whereas  in  the  second  case  the  mesodermic  cell- 
mass  retains  provisionally  its  epithelial  continuity,  and  only 
later  becomes  separated  from  the  entoderm  by  the  formation 
of  the  diverticula. 

As  regards  the  subsequent  fate  of  the  mesoderm,  we  can, 
if  we  disregard  the  formation  of  the  individual  organs, 
distinguish  two  types.  In  the  one  case  the  union  of  the 
mesodermic  elements  is  loosened,  and  these  distribute  them- 
selves in  the  manner  of  amoeboid  wandering  cells  in  the 
space  of  the  primitive  body  cavity,  which  eventually  they 
completely  fill  with  a  tissue  consisting  of  stellate  migratory 
cells  embedded  in  a  gelatinous  stroma.  This  tissue  is 
known  as  mesetichyma  (O.  and  R.  Hertwig).  By  separation 
of  the  cells  of  the  mesenchymatous  tissue,  spaces  (lacunoe) 
may  be  formed  in  it,  which  may  coalesce  to  form  larger 
spaces,  and  so  apparently  represent  a  kind  of  body  cavity. 
To  such  spaces  the  name  of  pseudocoele  is  given. 

In  other  cases  the  largest  part  of  the  mesoderm  is  employed 
in  the  formation  of  paired  sacs,  the  coelomic  sacs,  the  walls 
of  which  consist  of  a  continuous  epithelium  of  mesoderm 
cells.  The  cavities  contained  in  them  represent  the  true 
body  cavity  or  coelom.  The  paired  coelomic  sacs  entirely 
surround  the  intestinal  canal,  so  that  the  walls  of  the  sacs 
come  together  in  the  middle  line  above  and  below  the  intes- 
tine to  form  the  so-called  mesenteries.  The  body  cavity 
divides  the  mesoderm  into  two  layers.  The  outer  layer,  the 
one  applied  to  the  ectoderm,  is  known  as  the  somatic  layer,  the 
inner  one,  applied  to  the  entoderm,  as  the  splanchnic  layer. 
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There  ftre  a  inimbur  iif  nnimnU  in  which  the  mesoderm 
produces,  in  julilition  to  the  specilia  organs  that  base  arisen 
from  it  (gein(;ii  ui-jfwie,  excretory  organii),  only  meseDchyma. 
Soch  is  the  -a-e  in  the  Platyhelminthes.  In  the  great 
majority  of  tin.'  liiUterin,  on  the  contrary,  the  formation  of 
lurti  toother,  and  there  is  there- 
in the  two  methods  of 
:  case  (Annelids,  Sa^itta, 
m  predominates,  in  the 
if  a  p«eudoca>lc  (meaen- 


mesodei-m  the  mnsoulo* 
etury  organs  known  aa 
fatty  tissae. 


mesenchymu 
fore  a  soi-l  of  fi 
mesoderm  dvvL'Iiipi 
Phoronis)  I  lie  for 
other  (Mollosca,  A 
chyma). 

In  the  Bilnteria 
tore,  the  gfnital 
nepbridia,  the  com 

'  (The  BtaIi>Tiipni  thst  ths  tunduiient  ot  tha  genilat  erguii  ot  thn 
Uilateria  coinv!^  frmii  the  meaodBrm  t>U|{llt  to  b«  conudenbl)'  KHtriilttKl, 
In  recent  timt-  ih|.  I'iisermlionB  have  been  increasing  which  oppcar  lo 
Bupport  the  Welsmannian  doctTine  ot  the  continuitj  oF  the  genn  celU. 
Ohobiien  some  time  ago  observeil  the  early  differentiation  ot  the  sexual 
cells  in  Moina.  The  name  has  been  known  for  •  long  lime  to  be  true 
of  liipiera  and  Aphid«.  Itecently  Hevmosb  {Siti.-Ver.  atifU.  Sat. 
Frtumlf,  Btrlin  Jalirii.,  1893,  p.  2C3)  haii  found  similar  conditions  in 
varioas  Orlhoptera.  The  inveBligationa  ot  Facsbek  on  PhalanRidie  {Biol. 
CmtralU.,  lid.  lij.,  p.  1.  1H92|  and  the  very  recent  obaervstions  of  A. 
BlucEn  [ZtittchT.  /.  iriii.  Zool.  Bd.  Ivii.  WH]  on  the  scorpion  have 
shown  the  early  independence  of  the  genital  fundamenta  in  these  lomiB. 
Special  importance  in  the  present  queslion  is  lo  be  attached  to  Ihe 
observationB  of  Bnvcnt  on  Ancsris  (SiU.-lltr.  Getell.f,  Morph.  v.  Fhyiiol. 
MiiiKlirn.  Ud.  viii.,  IBU'i).  according  to  which  the  sexual  cells  are  Jib- 
tinKuisheil  from  Ihc  aomatic  cells  even  in  the  fimt  stages  of  cleavat^ 
owing  lo  the  special  slruclure  of  the  chromatic  elementB  ot  their  nuclei.] 
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Sposces  roprodnce  by  seiual  and  non-aexnal  msAns.  To 
the  non-sexual  kinds  of  reproduction  belong — (1)  sprouting 
or  budding,  which  may  lead  to  the  formation  of  contplicated 
stocks  or  colonies  ;  (2)  the  formation  of  small  bvdi  which 
separate  from  the  parent  body  and  grow  np  independently 
into  new  individaals  ;  (3)  reproduction  by  means  of 
gemmHUe. 

The  investigations  on  the  development  of  sponges  from 
the  fertilized  egg  have  not  np  to  the  present  time  yielded 
a  nniform  plan  for  the  embryology  of  this  group,  and  they 
frequently  contradict  one  another.      The  following  may  be 


to  the  development  of  all 


ntentioned  as  features  c 
sponges. 

(1)  The  aexnal  prodacts 
arise  in  the  connective 
tlssne  of  the  so-called 
mesoderm  oat  of  cells 
which  at  first  are  not  to 
be  distingniahed  from  the 
connective  tissue  cells  of 
this  layer. 

(2)  The  eggs  are  not 
Burronnded  by  any  cnti- 
cnlar  envelope  (chorion) 
or  Titelline  membrane. 
They  lie  naked  in  a  cavity 
lined  with  endothelinm 
(Fig.  1  e)  in  the  mesoderm  of  the  parent  body.  Here  the 
expulsion  of  the  polar  globules,  fertilization,  and  early  de- 
relopmeut  take  place. 

IS 


Fta.  I.— Egg  or  Ptacina  In'loplu  It 
pu-ent  bodf  (sfUT  MiBDiBuia).  r, 
globaleii  ■ 


f ,  eudotheJiml 
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The  poUur  globules  of  the  itpoa^eii  liave  bora  ovuioolccd  up  to  Uib  |it«- 

a«nt  time.  Ai^lhhIihk  to  recent  cbiwivfttions  by  Muiugnrwi,  not  ytt 
publisbed,  lj>>  y  {ir<  -^inl  ID  I'laeina  Ihs  apiXAtaiiee  topical  [or  nioM  ol  Lb* 
olher  MvUi:i>a  il'i^;,  1  r).  Alao  the  processes  o(  their  fonustloii  may 
well  find  plai'i'  in  ihv  general  plan,  while,  aocordiug  to  Fuhlkh'ii  earn- 
r.  f.  aitt.  Zaol.,  BJ.  47)  on  Spangilla,  it  wouUl  alnioM 
U'll  here  a  pecaliar  typs  o(  tarroation. 


seem  as  i[  tlj.'i 

(;!)  The  ..ggs  a-^ 

pai-ent  body  into  i 
surface  with  flag 

(4)  When  tho 
oral,  flagellate,  so 
thi-ODgh  a  swikrraii 
but  little  ]ii-oj^TfS8 

(5)  Atti'i-  attfto 
follows  a  rti.|iiil  tf. 

bling   sab.>t:mliAll^  luc  pa 

Wo  may  Ijl'sI  itrran^  the  types  iif  apautre  development 
hitherto  known  in  accordance  with  the  characteristic  con- 
dition of  the  B warming  stage. 


'"agu,  and  develop  in  the 
I  embryos  covered  on  the 

ached  the  Bt«^  of  thu 
■a,  they  omoi'^  and  puMa 
hich  development  mukuit 

iitipport  is  effected  there 
a  young  spon^,  reseni- 


I.- 


-Type  of  development  through  a  so-called 
Amphiblastu  la-stage. 


The  development  of  Syaiii'lrn  rapkariiu,  which  has  been 
described  by  MKisciiKiKorf  (Noa.  12  and  13)  and  F.  K, 
SciiiLZK  (Nob.  19and2;i),  sci-ves  as  an  example  of  this  type. 

The  egg  of  this  calcareous  sponge  undergoes  a  total  and 
nearly  equal  cleavage,  bnt  the  course  of  cleavage  is  somewhat 
inoditied  by  the  relation  wliich  the  embryo  acquires  to  the 
wall  of  one  of  tho  radial  tubes  of  the  parent  (Fig.  2). 

The  egg  is  a  naked  cell,  and  lies  in  the  parenchyma  close 
to  the  wall  of  a  radial  tube.  It  is  first  divided  into  two 
blastomeres  of  equal  size  (Fig.  2  A)  by  means  of  a  furrow 
which  is  perpendicular  to  the  radial  tube,  and  in  i-elation  to 
the  orientation  of  the  developing  embryo  must  be  con- 
sidered aa  meridional.  By  means  of  another  meridional 
furi-ow  perpendicular  to  the  first  one,  tho  two  cleavage 
spheres  sepai-ate  into  fonr  blastomeres,  now  ari'anged  in  the 
form  of  a  cross  (Fig.  2  H),  which  are  applied  to  the  radial 
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tabt)  with  a  flattened  basal  surface ;  and  since  they  do  nob 
come  into  close  conUct  with  one  anothei*  at  the  centre,  they 
enclose  between  them  a  cavity  (cleavage  cavity)  open  above 
and  below.  With  the  next  act  of  cleavage  each  of  these  four 
c«lls  IB  divided  into  two  eqnal  parts  by  a  new  meridional 
(nrrow  (Fig,  ICandU).    The  embryo  now  consists  of  acii-cle 
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of  eiglitcclls, which  enclose  thecleavaifeciivity.  Since  the  cells  I 
are  applied  to  the  wall  of  the  tube  with  their  bT^ad  bases,  j 
and  taper  conically  in  the  opposite  direction,  the  embryo  has.  I 
nearly  the  (orm  of  a,  cnp-cake  (Fig.  2  D).  By  i 
snbBeqnently  appearing  eqnatorial  fiin-ow  each  of  these  ] 
8  cella  is  eepamtcd  into  an  upper  smaller  [entodermal]  a 
a  lower  largei  [ecto  lermal]  segment  and  at  the  st 
whole  shape  of  the  embryo  changes  in  this  lb  cell  stage, 
tflkingr  on  the  firm  of  a  b  con\ex  lena  by  the  bnlgm^  oat  of  1 
its  basal  surface  (Fig  2  E  and  F)  The  cleavage  c&uty  is  I 
stilt  open  at  both  poles    although  the  opening  of  the  upper  j 
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side  ia  already  considerably  narrower  than  that  of  the  lower 
one.  By  means  of  new  meridional  and  equatorial  furrows 
the  embryo  gmdaally  passes  into  a  multicellular  stage,  I 
which  has  an  almost  spherical  shape,  corresponding  to  which.  J 
there  is  an  extensive  cleavage  cavity  within.  The  opening  ] 
at  the  upper  pole  has  disappeai-ed  by  the  apposition  of 
cella,  while  the  one  corresponding  to  the  former  basal  sar- ■ 
face  is  still  retained  {Fig.2  O).  It  is  aurronnded  by  eighil 
[ectodermal]  cells,  which  are  soon  distinguished  by  increasing  ■ 
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size  and  bj  their  granalar  plasma.  With  the  closore  of  this 
lower  opening  the  embryo  hecomeB  a  spherical  blastosphere. 
The  granular  cells  now  enlarge  and  multiply  to  the  nam- 
ber  of  aboat  thirty-two ;  the  other  cells  meanwhile  increase  in 
nnmbers,  and  lengthen  oat  into  tall  colnmnar  prisms  (Fig.  2 
H),  each  of  which  develops  a  flagellnm  at  the  sarface.  The 
large,  richly  grsnalar  cells  now  fold  into  the  segmentation 
cavity,  and  the  last  stage  to  be  passed  in  the  body  of  the  parent, 
tbe  so-called  pteudo-gtutrvla  stage,  is  thus  reached.  It  has 
nothing  to  do  with  the  trne  process  of  gastrulation,  bat  re- 
presents a  transient  condition,  which  was  perhaps  acquired 
in  connection  with  the  mechanism  of  hatching. 


When  the  embryo  is  hatched  the  invaginated  part  (ecto- 
denn)  retnms  to  its  former  position,  and  an  elongation  in 
the  direction  of  the  chief  axis  follows.  The  ovate  swarm- 
ing stage  now  reached  is  known  as  the  amphibUittula 
(Fig.  3  A).  It  consists  of  histologically  differentiated 
halves.  The  half  of  the  body  directed  forwards  in  swimming 
ia  composed  of  tall  colnmnar  flt^ellate  cells,  whereas  the 
targe  granular  cells  of  the  posterior  half  of  tbe  body  bear  no 
flagella.  Within  is  seen  the  considerably  reduced  cleavage 
cavity  («)'. 

*  f  According  to  recent  inveatigBtions  o(  I>eniit  (Appendix  to  Liltrature 
on  Porifen,  Ko.  II.),  hhibII  cells,  which  perhaps  become  mesoderm  celU, 
make  theii  appearance  in  this  oftvit;  at  an  early  period.] 

K.  H.  E.  C 
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Aft«r  the  completion  of  the  ewnrming  stage,  and  shortly 
before  the  nttBchmont  of  the  Iwva,  a  shortening  in  the 
direotion  of  the  chief  ajia  takes  place,  which  is  accomplished 
principallj  by  a  flattening  of  the  Haffellate,  formerly  bul^g 
cell-layer;  and  an  invagination  of  this  layer  (jnickly  follows 
the  flattening,  the  result  being  that  the  cleavage  cavity  is 
entirely  obliterated.  In  this  way  a  cap-shaped  yaitmla-etage 
(Fig.  ■)  S)  is  reached.  The  outer  gmnnlar  layer  of  cells  oau 
henceforth   be  considered  as  the  ectoderm,  and  a  circle  of 


abont  sixteen  of  these  cells,  which  are  particularly  pi-oroinont 
and  are  known  as  marginal  cells  (Ramtiellen),  surroands  the 
wide  ^astrala  month  or  blastopore,  while  the  invaginatetl 
tls^llatu  layer  represents  the  entoderm. 

The  attachment  of  the  larva  now  takes  place  by  thn 
fixation  of  the  edge  of  the  gastrula  month  by  means  of 
paeodo podia- like  processes  of  the  marginal  colb  to  some 
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aapport  (Fig.  4).  The  entire  process  of  gaatraUtion  and 
attachment  proceeda  with  aacommoii  i^pidity. 

In  the  gastmla-stage  ectoderm  and  entoderm  are  not 
closely  applied  to  each  other ;  bat  one  notices  between  them 
a  space  which  ronet  be  interpreted  as  the  remains  of  the 
a^mentation  cavity  (Fig-  4  m),  and  which  is  filled  with  a 
gelatinous  hyaline  mass.  According  to  MeTsCHNiKOFf,  in- 
dividual cells  of  the  granular  ectodermal  layer  migrate  into 
this  mass,  and  lead  to  the  formation  of  the  mesenchyma,  the 
so-called  mesoderm,  between  the  two  primary  layers.  Tfae 
first  skeletal  structnres  arise  in  these  cells  in  the  form  of 
small  rod-like  needles;  triradiate 
onea  are  formed  later,  and  finally 
qaadri  radiate  ones. 

After  the  gaetrnla  month  has  be- 
come narrowed  and  finally  closed, 
the  hollow  body  of  the  larva,  which 
lias  no  external  opening,  elongates 
in  the  direction  of  the  chief  axis, 
and  grows  ont  into  a  cask-like  or 
cylindrical  form  (Fig.  ba),  the 
npper  surface  of  which  consists  of 
a  thin  membrane,  which  acquires 
at  its  centre  a  circular  opening, 
the  beginning  of  the  exhalent 
orifice  (oeculum,  Oi),  which  soon 
enlarges.  At  the  same  time  the 
inhalent  openings  or  pores  (po) 
appear  as  perforations  in  the 
lateral  walls.  Since,  moreover, 
the  epithelial  layer  of  the  ento- 
derm   acquires    the    character  of 

flagellate  collar-epithelium,  the  characters  typical  of  tho 
Porifera  are  completed  in  this  ascon-like  stage  (Fig.  5<(, 
Olynlhut).  The  development  into  the  Sycon  takes  place  by 
the  radial  tubes  becoming  established  as  simple  evaginations 
of  the  body-wall  (Fig.  5b)  ;  at  first  a  circle  of  radial  tubes 
makes  its  appearance  at  abont  the  middle  of  the  body  ;  to 
this  a  second  is  soon  added,  and  so  on. 


W  EMBHTOLOOr 

The  Bmijhihlsaluta-«IBg«  Beenu  lo  occur  in  the  lite-historj  ot  mnnj 
Cftlcftren.  li  lioH  oIm  been  tound  b  Jtcanilra  eontorta  IHahkuui).  in 
AtCaBdta  LicbrrlMhnii  (Kki.i.EU),  and  Leueandra  aipera  (K»i.I.Kn. 
Metbcsmkofv).     The  genus  Ascetta  devdopa  according  lo  another  Ijjiv. 

II.— Type  of  Development  through  a  Swarming 
Coeloblastu  la-stage. 

The  egg  of  Oicr  Balitarca  It^larv)    de- 

velops in  the  trabe<  in  the  internal  parts  of 

the  pari'iii,  which  i  ate  ampnllte,  and  nndei^ 

goes  tcitiil  HTiJ  t-qna  ich  there  aj-e  formed  at 

first  two,  fiien  foo  tc.,  blastomercs  of  equal 

size.     At  tlie  sixtei  :inct  cleavo^  cavity  can 

be  recognised  with  ell  proliferation  there  to 

formed  n   hollow  i  la  or  arthiblattula),  the 

wall  of  which  IN  oomposed  exeloeiveiy  of  cobical  cells  of  eqnal 
size  airanKOil  in  a  single  lajer  (Cabtek,  No.  3j  Barrihk, 
No,  2;  F.  E.  ScHLLZE,  No.  20). 

Shortly  before  swarming,  the  elements  of  the  body-wait 
lengthen  out  into  columnar  epithelial  cells,  each  of  which 
acqnircKa  flagellam  at  it!)  outer  end.  The  swarming  laiva 
(Fig.  6  A)  posaesaes  an  approximately  ovate  form,  and  ex- 
hibits a  blnnt  yellowiali  pole,  which  is  directed  forwards  in 
Bwimming,  and  a  posterior,  more  pointed  brownish-red  pule. 
The  wall  of  the  blast nla  consists  of  a  single  layer  of 
cylindrical  flagellate  cells.  The  internal  cavity  contains  no 
cells,  and  is  filled  with  an  alhuminous  flnid  (F.  E,  SciiULZn:). 

By  the  invagination  of  one  pole  of  the  larva  this  stage 
pasties  into  a  hemispherical  gas trn  la-stage,  which,  like  that 
of  Sycundra,  now  attaches  itself  by  its  gastrula  month  to  a 
support  (Fig.  G  B).  Thus  there  arises  a  shallow,  cap-shaped 
larva,  the  wall  of  which  consists  of  two  layers  (ectoderm 
and  entoderm)  and  the  inner  cavity  of  which  must  be  con- 
sidered as  the  archenteron.  The  gradaal  closure  of  the 
wide  gastrnla  mouth  now  follows ;  and,  at  the  same  time,  by 
a  complicated  process  of  folding,  the  first  flagellate  ampulle 
arise  as  diverticula)  of  the  archenteron  (Fig.  GC).  The 
mesodermal  connective-tissue  layer  originates  by  the  mi- 
gration of  cells    into    the    space    embraced    between   the 
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ectoderm  and  entoderm.      Lastly,  there  occars  at  the  apical 
pole  an  evagination  of  the  body- wall  like  a  chimney-pot,  at 


Fie.  0.— DeTelopment  of  0»ear«Ua,  diagrammatio  (after  Hiidxb).  A,  swarming 
blaatola  lanra ;  B,  atfeaobed  fn^trula-stage ;  C,  stage  initiating  the  closure  of  the 
gaetmla  moath  (Om)  and  the  folding  of  the  entodermic  sac ;  D,  yoong  sponge ;  Ot, 
oMalniB    po,  inhalant  porea ;  Ec,  ectoderm ;  Bn,  entoderm. 
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the  apex  of  »  1,[l!i  the  oaculum  (0«)  breaks  through  (Fig.  G  V) 
The  JDhnlcnl  jwres  (po)  are  formed  as  perforations  at  placea 
whei-c  the  (iiii|)iilliB  lie  close  to  the  ectoderm.  The  system 
of  inhalent  cunuls,  which  arises  later,  mnat  be  referred  to 
inragination^  u(  llio  ectoderm,  that  of  the  exhalent  oanals  to 
evaginatioris  of  tlie  entoderm.      The  larva  is  not  attached  bj 

its  entire    base,  hr'    — -*" ~  few   foot-like    sapportit 

(K.  Hkideu,  No.  8y 


The  ilevelo]>itient  ot 
of  OKortlla.     The  aw 
typo  just  doRtribeii. 
not  been  aocuratel;  ii 
the  ampulift  ariw  ai 

8CHDL»l). 


to  be  closely  related  to  that 
Ihe  whole  be  inclndeiJ  in  tlin 
ntu  the  attaahwl  Kiaue  has 
lin,  Itowever,  Uut  hero  alio 
imon  ocntral  mvjt;  (F.  E. 


III.- 


-Type  nt    through  a 

Parenchymuia  Stage. 


The  NOperficial  layer  of  the  swarming  larva  conslsta  of  a 
cylinder  epithelium,  composed  of  long  flagellate  cells,  and 
encloses  an  internal  space  filled  with  embryonic  connective 

(a)  The  saperficial  layer  presents  on  all  aides  cells  of 
nearly  aiiiform  condition. 

A'tttla, — Hj  lotat  and  equal  cleavage  (here  is  first  produceil  a 
ctetablaslula-atsge.  which  is  Himilar  to  that  o\  Osoarella.  But  even 
before  the  batohinR  of  the  embryo,  which  attains  an  ovate  fonn  in 
later  Klaiie^-  the  imtni^ation  of  celts  into  the  internal  cavity  takes 
place;  and  this  occnrs  at  the  posterior  polo  of  the  larva.  In  this 
manner  the  priniilive  body  cavity  becomes  lilted  with  a  connective- tissue 
mesenchym*.  the  cominon  (nndament  ot  (he  mesoderm  and  entodenn, 
in  which  the  permanent  gastral  cavity  sabseqaently  appears  as  a  fissure. 
The  entoderm  celU  arrange  theniBeivea  about  this  in  the  (onu  of  a 
unilaminar  epithelium  (0.  S<.'n>iii>T,  MLTsrHMVorr). 

(fc)  The  superficial  layer  in  the  region  of  the  posterior 
pole  of  the  larva  presents  an  altered  condition  of  the  cells.' 

>  [The  inveellKations  of  Dklaoe  (No.  I..  Appendix  to  hUeratuTf)  and 
those  of  Mus  (Ndb.  IV.  and  V.)  on  the  development  of  the  CornBCUEponRia 
(Ceratosa  and  Bilicea)  are  of  ^at  importance.  A  satisfactory  founda- 
tion for  tlie  interpretation  of  the  development  of  gpongea  in  general  has 
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Ctmiua.— The  embryos  ot  Spongelia  pftUescaos  (Fig.  7)  which  ara 
read;  to  ewariu  posseea  a  cylindrical  lona  with  one  end  convexl;  rounded 
and  with  a  ahallow  depression  at  Iho  other.  In  the  reijioa  of  this  shallow 
invkgination  the  flFkgellatG  oella  are  pigmented  brownish  red.  The  inside 
of  the  embryo  is  Bllad  with  a  gelatinous  connective  tiaaus.  The  embryo 
of  Euspon^a  otfioinalia  before  avarming  presents  a  very  similar  struo- 


isimmm. 


Fie.  7.— Longiiuiliiul  tcctlon  tbnauh  a  Iwra  of  Spnigflis  pnll^i 
F.  B.  Seanut).  b,  piymsoMd  •pittidiat  cell*  of  the  poitertar  pol*  of 
MU,  BiIatlBOiu  e«Bn*cii<re  tiuae  inalde  the  lain. 

Cnie  laparflDiaL  corerlng  of  Kabila  hu  bnn  omitted  in  tbe  lUauratlo 


thereby  been  acquired,  inasmuch  as  the  development  of  the  Comacu- 
spongia  fits  in  completely  with  that  ot  Sfcandra.  The  free'RwitomiitK 
larval  stage  correspondB  U>  the  psendo-gaslrula  stage  of  Sycandra.  The 
BUperScial  flitgellate  epithelial  cells  ot  the  larva  subsequently  become 
the  collared  entoderm  ceils  ot  the  adult  sponge;  whereas  the  inner  cell - 
mtM,  vbiob  in  many  cases  ia  exposed  at  the  posterior  pole  of  the  larva, 
represents  the  common  fundament  o(  the  ectoderm  and  mesoderm.  The 
eotodenn  and  mesoderm  ot  sponges  must  be  regarded  as  an  andivided 
whole.  The  larvw  attach  themselves  by  the  anterior  pole,  and  at  the 
awDe  time  occurs  that  inversion  of  the  layers  which  must  be  compared 
with  the  proceas  ot  aotaal  gastrulation  in  Sycandra.j 
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lurp.  save  that  Ihe  jjarenchyma  filling  Ihe  internal  D&vitf  is  of  a  tUffereat 
hiBtologicnl  chvacteT ;  it  coniiiiit«  o(  a  tissue  comparable  to  hyaline 
cartilage.  The  elearage  in  this  form  i«  lotaj  and  equal.  althouRh  a 
ocBloblajtola-BtAKe  ib  never  developed  (F.  E.  Schulze,  Nob.  29  aad  di|. 

CHalinidr. — The  egg  of  Chalinula  (ertiliB  segments  totally  and  ml* 
equally,  according  to  C.  Kellkr  [No.  9).  The  firM  Mt  ot  cleavage 
leanltB  in  a  larger  and  a  smaller  blastomere.  The  next  stags  which  has 
been  observed  Bbo<ra  three  small  and  one  large  blastomere.  By  the 
snoeeeding  division  of  the  small  cells  there  resulte  a  at*i!e  in  nhich  six 
small  oeltt  rmt  like  a  cap  upon  the  largp  undivided  lilastomere,  which 
dso  soon  divides.  The  small  cleavage  spheres  are  said  to  represent  the 
tundatoent  of  the  ectoderm,  the  large  ones  that  of  eotoderm  and  mesoderm 
together.  In  the  further  course  of  cleavage,  the  small  cells,  having  the 
form  of  a  shell,  grow  around  the  large  ones  in  such  a  manner  that  there 
reenlts  an  epibolic  gastrula,  the  mouth  of  which  is  entirely  filled  by  the 
solid  cell-mass  ot  the  primary  entoderm,  which  is  plainly  visible  at  this 
point.  The  embryo  now  develops  flagelln  on  its  entire  surface,  acquire* 
a  more  elongated  fonn,  and  emerges  as  a  plonula  larva.  At  its  posterior 
pole  it  presents  a  darker  coloured  area  al  the  superficial  flagellate  layer, 
and  this  corresponds  to  the  super&cial  enlodenuic  portion.  The  earliest 
spicules  are  very  soon  developed  in  the  cells  ol  the  internal  parenchyma. 
The  larva  now  attaches  itself  by  its  posterior  pole,  but  very  soon  turns 
over,  BO  that  it  adheres  to  the  support  by  the  entire  broad  side  ol  the 
hoily.  It  now  acijaires  the  form  of  an  irregular  Hat  cake.  The  lorma- 
tion  of  the  ampullm  within  is  said  to  proceed  in  a  diflerent  manner  from 
that  dcHoribed  tor  Osaarella  (p.  32) :  that  in  lo  say,  individual  entodermio 
cells  unite  into  compact  groups,  within  which  a  cavity  appears  later. 
The  tondaments  of  the  ciliated  chambers  (ampotlitf).  which  at  first  weM 
independent,  then  establish  relations  with  a  large  central  cavity  ariaing 
in  the  parenchyma,  which  soon  breaks  through  to  Ihe  outside  at  the  apex 
ot  ths  larva,  thus  producing  the  osculum.  The  larvai  of  most  stliceoas 
sponges  appear  ta  belong  to  a  type  simihiT  to  that  of  the  swarming  larva 
of  Chalinnla,  thus  the  larvai  of  Esperia,  Amarphina,  Raspailia,  and 
Bcnieta  (O.  ScHanor,  METscnnxorr),  further  those  ol  Isodyctia  and 
Dosmacidon,  made  known  by  Cb.  BAaaois. 

lUnUra. — The  larva  of  Iteniera  Bligrana  resembles  the  ones  previously 
^Moribed.  It  consiHla  ot  a  fiogellate  columnar  epithelium  and  an  in- 
ternal ocllular  parenchyma.  In  the  course  of  the  further  devoloprotint 
the  layer  ot  columnar  oells  ruptures  st  the  anterior  and  posterior  ends, 
so  that  the  internal  parenchyma  is  exposed.  The  larva  attaches  itself 
by  the  anterior  pole,  loses  the  covering  ol  llagella  belonging  to  the  super- 
floial  layer,  and  takes  on  the  form  ot  a  flattened  cake,  while  in  the 
internal  parenchyma,  the  commoa  fundament  of  entoderm  and  mwo- 
derm,  a  oavity  appears  in  the  form  ot  a  fissure,  about  which  the  neareat 
sells  group  themselves  in  the  form  ol  an  epithelium.  In  this  manner 
the  entodermic  epithelium  is  separated  from  Ihe  mesoderm.    The  lint 
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unpnUn  tad  kII  o(  the  cuiala  ariee  aa  evaf^instioDB  o(  this  inner  cavity. 
Later  the  obcoIqih  breaks  throogh,  and  ailiceouB  spicules  are  formed  in 
the  oelle  of  the  meaodermic  layer  (W.  Mahbball,  No.  10). 

Halitarea.—Bj  total  and  eqnal  cleavage  (F.  E.  Schclze,  No.  20)  there 
originates  a  blaatnla,  into  which  migrate  cells  that  entirel;  fill  the 
cleavage  cavity,  and  there  form  a  connective- tiasue  mesenchyma.  Upon 
emerging  the  larva  presenta  at  the  posterior  pole  an  area  consisting  of  large 
granotar  flagellate  oalls.  After  the  larva  has  attached  itself  and  assomed 
a  cake-like  form,  the  ectoderm  loses  the  flagella,  and  is  changed  into  a 
pavement  epithelinn).  In  the  internal  parenchyma  there  now  arise 
fundaments  of  the  ampnllie  and  canals  which  at  first  are  separate,  but 
sabsequently  unite  into  a  eotnmon  system  (Metschniioct,  No.  14). 

A  nniqne  type  of  development,  which  perhaps  most 
resembles  Beatera,  appears  to  exist  in  Spongilla.     The  de- 


veioptnent  of  this  freah-water  sponge  has  been  described  by 
Gasik  (Nob,  4  and  5)  and  Goette  (No.  6) ;  but  in  man^ 
points  the  statements  of  these  investigators  do  not  altogether 
agree.  In  oar  presentation  we  follow  the  detailed  descrip- 
tion of  OocTTE  without  forming  any  preliminary  judgment 
as  to  the  way  in  which  the  development  of  Spongilta  is 
related  to  that  of  other  sponges.  A  final  judgment  will  be 
possible  only  when  new  observations  have  been  made  on 
the  development  of  sponges  of  the  roost  widely  differing 
groups. 

The  egg  of  Spon^Ila    (Ephydatia)   fluviatilis   undergoes 
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total  nneqiitil  cleavage,  by  hiphtib  nf  wliicb  there  arieci  dn 
embryo  consisting  for  the  prtiater  part  of  large  blastomet-ex 
rich  in  yolk  (L'ntodermic  portion.  Fig,  S  En),  and  proscntinK 
only  at  its  upper  pole  a  cap  of  email  blaatomnres  coutaiuiiig 
little  yolk  (wtoilermic  part.  Fig.  8  Ee).  Since  the  cap  of 
ectoderm  c*lls  gradoally  grows  arouud  the  entire  embryo, 
there  is  fot-mcd  in  this  wav  a  kind  nf  epiboISc  ^astrula.  At 
I  early  pi'riod 


eccentrically  jilact, 
neither  to  u  cleav 
known  as  the  enl 
embryo  is  recognii 
for  it  alwayi)  lies 
anterior  pole).  Tl 
a  plano-convex  leni 
chief  axis,  uml  is  i 
cilia.      The    swarmi 


todermic  r 
r,  which  can  be  referreil 
>  an  archenteron,  and  in 
The  chief  asia  of  the 
ic  position  of  this  cavity, 
!al  pole  (the  sabseqtient 
at  first  is  comparable  to 
in  the  direction  of  th<' 
iii^  surface  with  a  cont  of 
(Fig.  f )  is  generally  oviiti- 
in  form,  and  in  floating  in  the  water  has  the  broadened 
anterior  end  of  the  body,  in  which  the  apaciona  entodermic 
cavity  is  sitnated,  always  directed  upwards.  The  larra 
posBesses  a  RDperficial,  nnilaminar,  flagellate  epithelium,  all 
the  cells  of  which  pi'esent  the  same  character.  Within  the 
posterior  half  of  the  body  is  found  a  solid  entodermic 
mass,  which,  in  the  coarxo  of  the  further  development,  takes 
on  the  character  of  embryonic  connective  tissue.  The  cells 
lying  in  the  vicinity  of  the  cavity  are  flattened,  and  form  a 
reticulated  layer  of  amoeboid  elements.  A  similar  layer  of 
flattened  cells  is  found  at  the  surface  of  the  solid  entodermic 
core,  where  it  is  in  close  contact  with  the  ectoderm.  At  an 
early  period  spicules  are  developed  in  certain  cells  of  this 

The  larva  attaches  itself  by  the  apical  pole,  the  layer 
covering  the  entodermic  cavity  being  split  open,  and  the 
edges  of  the  breach  thus  formed  bending  ontward.  In  this 
way  the  cells  of  the  entodermic  layer  come  in  contact  with 
the  support,  to  which  they  adhere  by  means  of  pseudopodia- 
like  processes.  In  the  majority  of  cases  the  larva  after  this 
tirst  attachment  bends  over  in  order  thus  to  attach  itself  by 
a  broader  surface.     According  to  GotiTE,  there  ensues  the 
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eompUU  lo$t  of  fhe  ectoderm,  which  brealcs  up  and  is  detached 
from  the  surface  in  shreds,  so  that  the  entire  body  of  the 
f  oang  sponge  consists  of  entoderm.  In  this  now  solid  mass 
(for  the  entodermio  cavity  has  disappeared  in  the  process 
of  attachment)  ampnllee  arise  as  sepamte  fundaments  ;  they 
are  produced  by  groapa  of  cells  (each  of  which  has  ansen 
from  a  single  cell)  acquiring  cavities  within  them.  The 
canals  and  cavities  of  the  body  develop  in  the  same  manner 
in  many  separate  regions,  and  afterwards  unite  with  one 
another  and  with  the  ampnllie.  The  most  superficial  layer 
of  the  body  acquires  the  character  of  a  pavement  epithelium, 


and  forms  the  permanent  epidermis  of  Spongilla.  All  or- 
gans therefore  arise  by  hiatolc^cal  differentiation  from  a 
single  layer,  the  primitive  entoderm. 

In  Odiiti's  Bdcomit,  which  we  have  given  here,  eeverSil  points  moat 
appear  to  be  still  donbtfnl,  thos,  above  all,  the  alleged  complete  otutingoll 
of  the  eotoderm.  To  be  rare,  a  rupture  and  partial  loss  of  the  ectoderm 
has  also  been  mnintsiDed  tor  other  Eponges  (Reniera,  Esperia)  by  earlier 
obMrrers,  to  which  attention  has  alieadj  been  oalled  (p.  24).  But  such 
appearances  are  probably  tor  the  most  part  to  be  leferred  to  pathological 
or  abnormal  processes.  Oinin  has  assumed  that  in  Spongilla  the  ecto- 
derm ot  the  larva  become*  the  permanent  epidermia  of  the  sponge ;  and 


la?  recently  been  coDfirmed  bj  (be  ohscrvAtieni  ol 
O.  M\M  (Zoe-I.  III...  1889),  who  baa  conrioueil  himaclf  onlLautueobjacI 
that  the  ectoi|i>riii  ul  Ihe  larva  ie  nol  cab!  off.  bul  gradoollj  iWMeti  orsr 
into  the  Bupertu.'ijil  i^avement  epilholjum  ot  tlie  adult  sponge.  Also  iii 
regard  to  thp  orii;in  of  Ilia  smpuUiE  and  canal  system  Ouiix  does  not 
agree  with  Oohik.  iocordin);  to  Oakin,  the  eatodennic  cavity  in  to  bo 
explained  as  nn  unlicnteron.  and  representB  the  ewlieBl  (undamont  ot 
the  canal  ayeii m.  from  which  the  auimiUte  arise  aa  diverticula.  A  iiioda 
ol  origin  for  ilic  i>ri>{<  vmmiinicaled  by  Oosttk  lor 

Spongilla  ha,  ii.|-,.nll  y  Dksut  (Quart.  J^ar.  ilicr. 

Sci..  1888)  hr  cine  of  lelo«I>onnia). 

The  diBtriliiition  of  >t  ot  development  among  tha 

difTerent  gionjis  ot  I  iMented   as  follows :     In  III* 

calcareoua   aj>i>nge9  f  bUgtoln  is  foand  in  most  of 

the  cases  obxurved  i  is.     Perhaps  this  larval  form 

is  confined  tti  the  Ca  itula  appears  in  Oscsrella  and 

in  the  familj  of  the  ho  jiarenohymula  neems  to  bo 

present  genernliy  in  i  iuconii  sponges.    Furthenuoro 

Aa  is  to  bt'  seen  from  the  precpding,  a  nniform  plnn  of 
deTeiopment  for  epongee  cannot  At  the  present  time  be 
formalated.'  The  atatements  differ  too  widely.  In  certain 
cones  we  find  a  cob  I  ogaatru  la-stage,  which  attaches  itaelf  to 
some  support  by  the  circumference  of  the  lat^  gastrnla 
mouth.  Thie  is  of  importance  as  a  diatingnishing  charac- 
teristic in  contraat  with  the  Cnidaria,  in  which  the  attacb- 
mcnt  ia  alwaya  effected  hy  the  aboral  pole  of  the  two-layer 
ptanala  larva.  In  other  cases  there  ia  formed  a  parenchjmala, 
the  genesia  of  which  for  manj  formx  ia  aa  obacare  as  the 
farther  development  of  thia  atage  into  the  adnlt  sponge. 
Wo  Clin  only  assume  conjecturaJiy  that  thia  stage  is  in  all 
caaea  brought  about  by  epibuiic  gastrniation  or  by  the 
proceaa  of  migration  of  certain  ceiia  from  the  entodermic 
pole.  The  moat  obacare  point  in  the  development  of 
apongoB  is  the  metamorphosis  accomplished  at  the  moment 
of  the  attachment  of  the  swarming  larva.  Even  the  state- 
ments regarding  the  polo  by  which  the  larva  attaches  itself 
vary  for  the  different  forms.  Authors  likewise  differ  in 
regard  to  the  organogeny,  above  all  as  r^ards  the  origin 
of  the  canal  system  and  the  flagellate  ampullte.  In  certain 
'  Compare  footnote,  p.  22  [Tiukslitobs]  . 
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cases  the  common  fnndament  of  the  ampnllaB  and  exhalent 
canal  system  is  affirmed  to  have  the  form  of  a  central 
cavity  (archenteron),  from  which  the  ampnllaB  and  exhalent 
canals  arise  by  repeated  foldings  of  the  wall.  Opposed  to 
this  are  the  observations  of  other  authors,  according  to 
whom  the  different  ampnllsB  are  formed  independently,  and 
become  united  by  means  of  the  canals  which  appear  later 
on,  and  which  only  gradually  unite  into  a  common  system 
of  canals. 

In  such  a  condition  of  affairs  it  is  hardly  possible  to 
arrive  at  any  general  conclusions  without  in  one  way  or 
another  doing  violence  to  the  individual  statements.  This 
much,  however,  seems  with  some  certainty  to  result  from  all 
the  observations  :  that  we  have  before  us  in  the  sponges  an 
independent  stem  of  the  Metazoa,  which  is  connected  with 
the  other  types  only  at  its  roots.  We  adhere  to  the  view 
that  the  sponges  have  a  common  origin  with  the  rest  of  the 
Metazoa.  In  the  embryology  of  the  sponges  we  find  true 
blastula-  and  gas trn la- stages,  which  appear  to  point  to 
an  ancestral  form  common  to  the  Porifera  and  all  other 
Metazoa.  Characteristics  of  histological  differentiation  (the 
formation  of  columnar  and  pavement  epithelium,  of  con- 
nective tissue  and  cartilaginous  tissue)  likewise  point  to  this 
community  of  origin.  As  opposed  to  these  characteristics,  the 
single  fact  of  the  occurrence  of  the  collar-bearing  flagellate 
cells  of  the  entoderm  does  not  seem  sufficient  to  warrant  the 
derivation  of  the  Porifera  as  an  independent  group  from  the 
Cboanoflagellata  and  the  denial  of  their  phylogenetic 
relationships  to  the  rest  of  the  Metazoa  (Sollas,  No.  15  ; 

BtJTSCHLl). 

That  the  Porifera  do  not  stand  in  any  close  relationship 
to  the  Cnidaria  (Coelenterata  in  the  stricter  sense)  (Mae^hall, 
No.  II)  appears  to  be  beyond  doubt.  We  lay  less  stress  upon 
the  absence  of  nettling  capsules,  as  being  a  purely  histological 
character,  than  on  tectonic  points.  The  attempts  to  reduce 
the  stmctnre  of  sponges  to  the  fundamental  form  of  the 
Polyp  must  lead  to  contradictions.  Above  all  must  be 
emphasized  the  fact  that  the  exhalent  opening  of  the  canal 
system,  the  so-called  oscnlum,  is  not  homologous  with  the 
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In  respect  to  the  origin  of  the  canal  system  of  sponges, 
reference  must  be  made  to  those  primitive  forms  which  are 
found  more  especially  among  the  calcareous  sponges,  and 
by  comparison  of  which  it  is  most  clearly  proved  that  the 
complicated  canal  system  of  the  siliceons  and  horny  spongex 
has  been  evolved  by  a  continuous  process  of  folding  of  the 
wall  of  the  sacular  olynthus-like  primitive  form,  whereby 
the  collar  epithelium  eventually  becomes  localized  in 
particular  parts  (ampulla;)  of  the  canal  system.  If  the 
diagram  Fig.  10  A  represents  the  wall  of  a  simple  ascon 
perforat«d  by  pores,  and  if  we  bear  in  mind  that  the  entire 
inner  surface  is  covered  with  collar-cells,  then  Fig.  10  B 
shows  the  origin  of  the  radini  tubes  of  a  sycun  by  means 
of  a  folding  of  this  wall.  At  the  same  time  the  entoderm 
lining  the  common  central  cavity  is  transformed  into  a  pave- 
ment epithelium  ;  and  alternating  with  the  evaginations  of 
the  radial  tube«,  enfoldings  (a)  of  the  oaler  surface  of  the 
body  lined  with  ectoderm  have  also  been  formed,  the  funda- 
ments of  the  inhalent  canal  system.  Fig.  10  C  shows  how, 
by  a  repeated  process  of  folding,  diverticular  spaces  (i)  of 
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the  central  cavity  arise,  in  which  the  fundament))  of  an 
exbalent  canal  ayiiteni,  lined  with  entoderm,  are  to  be 
reeogniited,  ho  that  in  this  manner  we  ajrive  by  gradual 
transitioas  at  the  distribntion  of  the  canals  shown  in  Fig. 
10  I>,  which  serves  as  a  plan  fcip  most  spongeH. 

This  series,  resulting  from  the  comparison  of  different 
genera,  makes  it  probable  that  the  ontogenetic  origin  of  th? 
gHstro-canal  Hjstem  hy  the  formation  of  diverticnla  from  a 
single  common  central  cavity,  aH  it  han  been  observed  in 
many  forma,  represents  the  original  mode  of  development. 
Aa  to  the  development  of  the  calcareous  orailiceoas  spiculeii, 
it  appears  to  be  certain  that  they  are  formed  within  sketeto- 
genuas  mesoderm  cells.  The  (rircamstanL-e  that  the  fonua  of 
the  Bpicnlea  frequently  merge  into  one  another,  and  that  in 
many  of  the  rod-like  spicules  an  axiul  cross  baa  been  ob- 
served in  connection  with  the  central  canal,  anggesting  their 
origin  from  triaxial  spiculeii,  gave  rise  to  certain  speanla- 
tions  on  the  fundamental  form  of  the  spicnlex  occurring  in 
the  diEFerent  groups  niid  their  derivation  from  the  soft  parts 
of  the  body  through  simple  mechanical  conditions.  Thus 
F.  E.  ScHULze  (Abk.  kgl.  Arad.  Berlin,  1887)  found  that  the 
fandainentol  form  of  the  regular  triaxial  spicules  of  the  cal- 
careous sponges  was  determined  by  the  regular  alternating 
position  of  the  poi-es  in  the  wall  of  the  original  ascon-like 
animal,  and  that  tbc  peculiar  initial  quadriradiate  form  of  tbe 
TetractinellidsB  (as  well  as  that  of  the  sponges  derived  from 
them,  theMonactinollidoiand  the  horn  sponges)  were  explain- 
able by  the  closely  crowded  position  of  the  spherical  ampul  1» 
and  the  resulting  forms  of  tbe  soft  parte  of  the  body,  whereas 
in  the  Hexactinellidie  the  arrangement  of  the  trabeculie  of  tbe 
sod  parts  led  to  the  fuDdamental  form  of  the  regntar  wxi- 
radiate  spicules. 

Whereaa  the  hard  parts  just  mentioned  develop  witfain 
cells,  the  horn  fibres  must  be  considered  as  cuticular  seore- 
tions,  for,  according  to  F.  E,  ScBii.ZK,  they  are  deposited  on 
tbe  inner  surfaue  of  mesoderm  cells  (io-eall«d  ajxmgioblasU) 
arranged  like  an  epithelium. 

Non-sexual  Reproduction  of  Sponges.— In  this  con- 
nection is  tu  be  mentioned  the  furmulion,  by  means  of  budding. 
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of  new  individnals,  which  remain  united  to  the  parent 
organiBm  throughout  life,  thereby  permitting  the  formation 
of  extenBiTe  colonies.  In  many  cases  (Sjmpagella  nux, 
Hexact.)  the  single  indiridnals  of  the  colony  can  readily  be 
recognised  as  snch  (No.  4),  whereas  in  the  majority  of  cases 
their  connection  becomes  so  intimate  that  it  is  only  the  pre- 
sence of  the  oscnla  which  makes  the  recognition  of  the 
indiridnals  to  a  certain  extent  posdble. 


Furthermore,  a  kind  of  reproduction  occurs  in  many 
sponges  by  means  of  bnds,  which  separate  from  the  parent 
in  a  partially  developed  condition,  and  grow  np  into  a  new 
sponge  organism.  A  comparatively  simple  case  of  this  kind 
appears  to  exist  in  Lencosolenia  (Vassecr,  No.  36.)  The 
young  bnd  is  here  a  simpleontfolding  of  the  body-wall,  which 
is  soon  t>eparated  as  an  independent  sac-like  body,  and  after 
becoming  attached,  grows  np,  and  by  the  pi-oduction  of  an 
oocnlnm  becomes  a  young  Lencosolenia.     In  a  similar  man- 
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ner  the  baddinR  in  Tethya,  Tetilla,  Rlnalda,  etc.  (Dfisii,  No. 
29;  Mekejkowsky,  No.31;Ski,enka,  No.34),  and  also  in  Lopho- 
oalysi.  e.  Polylophna  (P.  E.  S<;hi:lze,  No.  33),  appears  to  de- 
pend npon  the  outgrowth  and  abstriotion  of  a  portion  of  the 
parent  body,  in  which  is  included  a  part  of  the  canal  system 
of  the  latter,  while  the  tiHsnea  exhibit  an  active  cell- 
proliferation.  The  Beparation  from  the  parent  freqnenlly 
takes  place  in  these  cases  by  an  emigration  along  projecting 
siliceons  spicules  {Fig.  11).  After  sepanit ion  has  taken  pln««, 
the  bnd  grows  np  into  a  young  animal  resembling  the  parent 
organism.  To  this  class  belong  also  the  transportable  brood- 
bnds  of  Oscarella  described  by  F.  E.  Schci.ke  (No.  32),  which 
are  very  similar  in  strnctnre  to  the  larra  of  this  form  (Fig.  B 
XI),  since  they  contain  a  considerable  internal  cavity.  These 
vesicnlar  bodies,  after  they  have  become  separated  from  the 
parent,  are  for  a  time  carried  about  by  carrants,  and  then 
fall  to  the  bottom,  where  they  giflw  into  young  sponge- 
crusts. 

Reprodactiou  by  baddin^  in  these  forms  depends  upon  the 
fact  that  the  superficially  located  parts  of  the  sponge  tisane 
become  separated  and  acquire  the  power  of  reproducing  the 
entire  form  of  the  parent  organism.  If  we  consider  a  simi- 
lar process  to  take  place  within  the  tissues  of  the  sponge, 
whereby  the  sepai-ation  of  snch  a  group  of  cells  is  accom- 
plished by  an  encystment,  then  perhaps  the  manner  is  indi- 
cated by  which  we  are  to  consider  the  first  formation  of 
genimnlce  to  have  taken  place.  Reproduction  by  means  of 
gemranlsj  occurs  principally  among  the  fi-esb-water  sponges 
(Spongilla),  although  the  occurrence  of  gemmula-like 
structures  has  also  been  affirmed  tor  a  few  marine  forma 
(TorsENT,  No.35).  The  fully  developed  gemmnla  (Fig.  12) 
consists  of  a  mullieellulai'  germ  (d),  whose  large  cells,  poly- 
gonally  6attened  by  mutual  pi-essuT-e,  are  filled  with  yolk 
particles,  and  present  one,  frequently  two  or  more,  nuclei 
(Peth,  Weutner).  This  germ-body  is  surrounded  by  an 
envelope  often  very  complicated  in  stnictnre,  which  opens  to 
the  exterior  by  means  of  a  pore  (p)  provided  with  an  oper- 
cular apparatus.  There  is  always  found  a  thick  cnticnlar 
layer  (c),  to  which  thei-e  is  generally  adiled  externally  a 
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pOTouB  meshwork  contaiaiug  air  (air-chamber  layer),  in 
which  skeletal  elemenbs  (needles  or  amphidiacs)  are  often 
foand  embedded  (6),  while  outaide  of  all  thera  may  be  added 
still  another  cuticular  layer  (o).  Fui'thermore  the  germ- 
body  is  said  to  be  immediately  enveloped  in  a  delicate 
membrane  (Cartes). 

The  eemmuliB  are  foond  in  the  mU\sl  of  Ihe  mesodermal  tissue  of  the 
parenl  bodj.  Maiij  views  have  been  advanced  in  regard  to  their  origin. 
Acflording  to  Qqettk  (Ko,  6),  there  is  a  kind  ol  [lell-pralitcratioii  that 
affectB  a  partimilar  territory  and  altiu  involves  the  ampullie  and  cannis  of 
this  region,  nberens,  ac- 

eotding  to  Mahhhall  (No.  /i 

30),  certain  mesadermic 
eella,  filled  ntlli  reserve 
tood-staO,  creep  together 
in  groups  to  tonii  the 
gemnialc  The  earliest 
fundament  of  the  gem- 
niula,  which  is  esseatially 
a  ni*Hs  of  cells  having 
embryonic  charaoterB, 
iwon  oiihibits  a  differentia- 
tion al  two  layers  (Gdetti, 
WiBKzusKi).  The  central 
mass  is  composed  of  large 
oella  in  which  jolk  par- 
tioles  become  embedded  in 
svet-increaBinB  quantities. 
The  cells  of  t)ie  onlet 
lajer.accordtngtoGoETTE, 
become  clab-shaped,  and 
urange  themselves  into  a 
kind  ol  elongated  epilhe- 
litun  enveloping  the  central  mass.  This  layer,  like  the  spongioblasts,  at 
firsl  secretes  a  thick  outicuU  on  the  inside  (the  [undament  of  the  inner 
cuticulor  membrane.  Fig.  12  c) ;  the  amphidiacs  are  then  formed  in  Ihe 
oeUsotLhUlayer,  whereupon  it  moves  outward  in  order  to  secrete,  likewise 
from  its  inner  surface,  the  outer  outioular  membrane,  Fig.  12  a  {Oatme). 
According  to  Wtaazajsai  (No.  39).  the  amphidiscs  are  oat  formed  in  the 
layer  of  cylindrical  cells  mentioned,  but  in  the  surrounding  tissue,  and 
only  Uler  move  into  this  epithelial  layer,  in  which  they  become  arranged 
in  a  detinite  manner. 

The  (omiation  ol  the  gemmulffi  lakes  place  principally  in  the  fall  in 
paita  of  the  sponge  vhich  generally  die  after  gemmulation  has  taken 
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illowing  uprimt  the  KTiii-hoilj  rixvU  cut    hrouKh 
nttonhed  uiil  mBtjuuorphosod  into  a  joans  Hpongc,  bj 
^I'H  of  development  which  hnve  not  jet  be«n  •ccuntcl)' 


the  1 


From  whnt  has  been  said  it  follows  that  in  the  ^mninlir 
we  have  to  do  with  An  encjrsted  portion  of  the  parent  body, 
provided  with  food-yollt  *nd  rctrmrraded  to  an  embryoni 


condition,  wliirh  n,i 
organiam.  On  th 
designated  bs  a  k 
another  cnrrent  ; 
gemmnlea  won  Id 
evidence  is  as  yet  i 
be  necessary  to  pw 
division  of  a  sinffle 
up  to  the  pr-i'sent  ti 


to  regenerate  the  parent 
nnlation  haa  al«o  been 
uilding.  Ill  support  of 
jcording  to  which  the 
of  Spougilla, 


for  in  this 


>iild 


i-body  originates  by  the 
:  nil  observations  uuule 
o  this. 
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CHAPTER  II. 
CNEDARIA. 

Systematic  :      I.    Hydrozoa. 

1.  Hydroidea 

2.  Siphonophora. 
II      Anthozoa. 

III.      SCYPHOMEDUSii:. 

I.    HYDROZOA. 

I.    Hydroidea. 

The  sexaal  prodncts  of  the  Hydroidea  arc  nsaally  matnred 
in  specially  organized  indiyidnals,  which  are  either  free- 
Bvnmming,  and  then  attain  to  the  high  degree  of  organization 
of  the  hydroid  medusa^  or  remain  united  throaghoat  life  with 
the  polyp  colony,  and  then,  as  sessile  medusoid  goTwphores 
(8poroiacs)y  exhibit  that  organization  only  in  a  degenerated 
condition.  In  Hydra,  on  the  contrary,  the  sexual  products 
develop  in  the  ectoderm  of  the  body- wall  of  the  polyp. 

The  eggs  of  the  hydroid  medussB  are  generally  extruded, 
by  the  dehiscence  of  the  wall  of  the  gonad,  into  the  sea- 
water,  where  they  are  fertilized  and  undergo  development. 
But  in  those  forms  which  possess  sessile  gonophores  the 
first  stages  of  development  take  place  within  the  gonophore, 
and  the  embryo  does  not  become  free  until  it  attains  the 
stage  of  a  planula  or  actinula. 

In  the  following  account  we  separate  as  metagenetic  forms 
those  which  produce  free-swimming  medusae  (forms  with 
alternation  of  generations)  from  those  whose  sexual  indi- 
▼idnals  remain  sessile,  as  medusoid  buds  (forms  with  masked 
alternation  of  generations,  Hatschek).  A  third  group  em- 
braces those  Hydroids  in  which  there  is  developed  out  of  the 
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egg  not  H  polyp,  bnt  a  free-swi mining  larvn,  which  pasaeti 
into  the  fomi  of  a  mednsa  by  a  simple  metamorphosis  {hypo- 
g'»ffMV/,.nns  with  snppresseil  alternation  of  generations). 

Metagenelic  Medusee. — We  bej^in  wiih  the  description 
of  the  bt'tit-r-kntwn  cases  of  dpselopmeut  of  the  o^rgs  of 
hydroid   mi-ihii-'\   and   follow    prinoipaliy    the    accounts    of 

Ci.At-s  (No.  -.i)  and  Mfttr —  'No.  12).     The  ephemidal 

pffga  of  tlif  i:rnBpedotfl  in«iDi>i  for  the  most  pai-t  colonr- 

less,  trannparpnt,  and  deatito  membmue.     Thei-e  may 

he  distin);DL-jlii'd  in  them  n  Xajoi,  iKitoplaam.  consisting  of 
a  viscid  formitHve  yolk,  iimt  nn         iplatim  filled  with  coarse 
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Fia.  13.— DaielnpiDUit  of  tba  tfifi  nt  RnlUta  fitcifaliUi  fkfter  UmcBiiioii). 
A,^a  ceg  immeilia'ely  hCmt  deixviilion  ;  r.  polar  earpaacles  ;  it,  Blags  o(  Bnt  dtri- 

tl-m:  (',  DiKht-«>ll  lUga  i  I>.  blululs-slsge  in  optical  •sctlon;  B.  plMia1ft-MMI«  "Ith 
foniiBtian  of  cnlodemi,  m. 

granules  of  nutritive  jolk  (Fig.  13  A).  After  fertilization 
they  undergo  a  total, and  in  most  cases  a  nearly  cqnal, cleavage. 
Hy  the  formation  of  the  first  two  meridional  and  mntnall; 
perpendicular  fiiri'ows  (extending  from  the  animal  to  the 
vegetative  pole,  Fig.  I'J  B),  there  ai-ise  four  blastomeren 
placed  in  the  foimi  of  a  cross,  and  by  a  suecceding  eqaatoriat 
furrow  there  is  produced  an  eight-cell  stage  (Fig.  13  C), 
while  two  additional  mondional  fnn-ows  lead  to  the  formation 
of  a  sixtccn-cell  stage.  Only  in  certain  cases  (.i^qnorea)  is 
the  cleavage  more  unequal,  the  blastomeres  of  the  animal 
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zone  being  less  TolnminoiiB  than  those  of  tha  vej^tative.  In 
earlj  stages  the  blastomeres  more  away  from  the  centre,  bo 
that  there  is  formed  a  gradaallj  enlatf^ng  cleavage  cavity 
within.  By  additional  but  less  regnlar  cleavages  the  blasto- 
meres increase  in  nnmbers,  and  arrange  themselves  into  a 
single  layer  of  epithelial  cells  sniroanding  the  clearage 
cavity,  thns  attaining  the  typical  blailula-gtage  (Fig.  13  D). 
This  cell-vesicle  now  elongates,  so  that  it  becomes  ovoid,  or 
saoeage-shaped  ;  and  its  surface  becomes  covered  with  Uagella 


(Fig.  13  E),  by  the  motions  of  which  it  awims  about  with 
the  broader  end  of  the  body  directed  forwai-d.  The  forma- 
tion of  the  entoderm  now  takes  place  hj  polnr  ingregeion,  &t 
first  a  few,  and  then  nnmerons,  cells  migrating  from  the 
posterior  end  of  the  body  into  the  cleav^e  cavity,  so  that, 
advancing  from  behind  forward,  they  gradually  fill  it  up 
(Fig.  13  E,  Fig.  14).  In  this  way  there  arises  a  larva  which 
is  eminently  characteristic  for  the  HydroidR,  and  was  named 
by  Dalyell  the  planula  (Fig.  15  A) ;  it  has  also  been  called 
&  parenchymttla,  on  account  of  the  embryonic  cell-mass  filling 
its  interior  (Metschhikoff).  During  further  development 
there  are  formed  in  the  ectoderm  nettle-capsulea,  which  seem 
to  be  especially  concentrated  abont  the  posterior  pole,  while 
within  the  mass  of  entoderm  cells  there  arises  a  fissure,  the 
first  trace  of  the  gatlral  caeity,  around  which  the  entodermal 
cells  assume  an  epithelial  arrangement.     Preparation  is  now 
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made  tor  the  process  of  attachment.'  The  larvfc  sink  to  tlie 
bottom,  their  motions  become  slower,  and  linallj  they  attach 
themBelves  by  means  of  the  disc-like  eolai'gement  of  the 
anterior  end  of  the  body  (Fi(f.  15  C).  They  then  lose  their 
cilia ;  and  the  surface  becomes  covered  with  a  thia  cnticnl&r 
(wcretion,  the  perisarc  (Fig.  15  D).  The  disc-shaped  region 
of  attachment  often  acqaires  a  lobed  appearance,  due  to  the 
formation  of  notches  (Fi^.  15  E).  The  disc  cnnstitates  the 
first  fundament  of  the  hydrorhiza,  while  the  posterior  end  of 
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the  larva,  now  directed  upward,  growM  np  into  the  first 
hydranth  of  the  yuun^  r<*'fP  colony.  The  fandameuts  of  the 
tentacles  (Fig.  15  E)  arise  as  lateral  diverticula,  and  the 
mouth -opening  iR  formed  at  the  apex  by  a  bi-eakin^  through 

■  The  developmenl  of  the  eggs  of  meduut  and  of  hydroid  polyps  with 
Konopbores  h  (roin  the  pluialB-Btage  onward  alike,  bo  that  Eudendriuni 
■Day  jerve  in  this  place  as  an  example. 
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of  the  bod  J- wall.     Finally,  the  perisarc  is  ruptured  at  this 
place,  and  the  poljp  becomes  fully  expanded  (Fig.  15  F). 

The  origin  of  the  polyp  stock  does  not  always  take  place  exactly  accord- 
ing to  the  plan  here  given.  In  certain  cases  the  larva  becomes  attached 
by  its  side,  and  is  almost  wholly  employed  in  the  formation  of  the  hydro- 
rhiza,  while  the  first  hydranth  grows  out  of  it  by  a  kind  of  budding 
(Mitrocoma,  Metschnikoff). 

The  hydroid  polyp  thus  produced  propagates  principally 
bj  means  of  lateral  budding.  There  is  formed  at  first  a 
hernia-like  protrusion  of  the  body-wall,  the  cavity  of  which 
communicates  with  the  gastittl  cavity  of  the  parent  animal, 
and  the  wall  of  which  consists  of  the  same  layers  as  that  of 
the  parent  (ectoderm,  entoderm,  and  the  sustentative  lamella 
between  them).^  The  bud  is  converted  into  a  hydranth  by 
the  progressive  abstriction  of  this  protrusion  from  the  parent 
animal,  by  the  production  of  a  crown  of  tentacles,  and  by  the 
acquisition  of  a  mouth-opening  through  dehiscence  at  the 
anterior  end.  Only  rarely  do  the  hydranths  thus  pixwiuced 
detach  themselves  from  the  parent,  and  become  independent 
(Hydra)  ;  in  most  cases  extensive  polyp  colonies  are  formed 
by  continued  budding.  The  laws  of  budding,  by  which  the 
extraordinarily  manifold  shape  as  well  as  habit  of  the  polyp 
colonies  is  determined,  have  recently  been  subjected  to  a 
critical  study  by  Weismann  (No.  49)  and  by  H.  Driesch 
{Inaug.'Diss.,  Jena,  1889). 

The  individuals  produced  by  budding  do  not  always  have  the  same 
form  as  that  of  the  first  hydranth.  A  more  or  less  pronounced  poly- 
morphism often  arises  among  the  individuals  of  a  colony.  There  are 
produoed  defensive  polyps  (spiral  zooids),  abundantly  supplied  with 
nettle-capsules,  but  destitute  of  tentacles  and  oral  opening,  hard-shelled 
spiny  protective  polyps,  nematophores,  etc.  The  so-called  blastostyle, 
which  occurs  in  many  Hydroids,  is  also  to  be  interpreted  as  a  meta- 
morphosed, non-tentacular  polyp,  upon  the  lateral  walls  of  which  the 
gonophores  are  produced  by  budding. 

The  formation  of  the  individuals  destined  to  become 
sexually  mature  (medusae,   sessile  medasoid    buds)    is  the 

'  [Recently  Alb.  Lano  (No.  IX.,  Appendix  to  Literature  on  Cnidaria) 
has  maintained  that  the  whole  of  the  bud  in  Hydroids  is  derived  from 
the  ectoderm  of  the  parent.] 
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resalt  of  a  latefsl  baddin;;,  which  during  its  earliest  Btages 
pursues  a  coarse  qaito  similfkr  to  that  described  above.  Hero 
too  there  is  formed  at  first  a  amall  spheroidal  bilatainar 
bud  (Fig'.  16  A),  between  the  two  celi-Iayers  (ectoderm  and 
entodorm)  of  which  there  can  be  i-eec^uT^ed  a  hjaline  sqb- 
tentative  membrane.  The  next  chnnge,  which  takes  place 
at  the  same  time  with  the  progi-essive  abstriction  of  the 
bud,  is  the  formation  of  an  ectodermal  tbickeninf;  at  the 
free  distal  pole,  which  is  developed  (Fig.  16  S)  into  a  Icnob, 
the  so-called  nucleus  of  the  bad  (nneleua  of  the  bell).  Bj  the 
growth  of  the  latter  into  the  interior  of  the  bad,  the  ento- 
dermal  sac  is  inrai^inated,  so  that  it  now  assnmes  the  forni 
of  a  cup  (Fig.  16  D).  While  a  fissure  (the  beginning  of  the 
ctivityof  the  bell)  makes  its  appearance  (Fig.  16  D)  iu  the 
nncleus  of  the  bud,  the  two  facing  layers  of  the  oap-itbaped 
entoderm  sac  come  into  close  contact,  and  fuae  along 
four  meridians  (Fig.  16  E).  so  that  of  the  cavity  of  the 
entoderm  sac  only  four  perradial  regions  {i.e.  places  cor- 
responding with  the  fonr  chief  radii)  remain  open  [  they  uv 
the  fundaments  of  the  four  radial  canals.  It  is  to  be 
observed  that  tlioao  four  radial  canals  are  connected  with  one 
another  through  the  remnunt  of  the  obliterated  entoderm  sao 
(Fig.  IG  E,  i),  in  other  words  through  the  originally  bJla- 
minkr  so-called  vatenlar  lamella  {calhammal  plate)  (L.  Aoasbiz, 
No.  2 ;  Clal's,  No.  6'2).  While  with  the  further  eulargement 
of  the  bud  the  bell-cavity  increase.s  is  size  and  breaks  throngb 
to  the  onlside,  and  while  tbe  manubrinm  grows  out  at  tht.- 
bottom  of  it,  the  sniitentntive  lamella  of  the  wall  of  tlie 
bell  is  converted  into  Ibe  gelatinons  sabstanue  of  tbo 
umbrella.  The  radial  vessels  have  become  relatively  nar- 
rower and  farther  separated  from  one  another.  The  ring- 
canal  at  tbe  margin  of  the  bell  appears  to  arise  by  a 
aecondary  separation  of  the  two  layers  of  the  voscolar 
lamella.  With  these  metamorphoses  snd  with  the  brealriuff 
through  of  the  mouth-opening  and  tbe  formation  of  th« 
velum,'  the  medaga  is  esseotially  completed  and  readjr  to  be 
detached  (Fig.  16  F). 


I 


''Alternation  of  generations"  in  Hydroida  dependa  upou 
the  regular  ftlternation  of  non-sexual  generations  (hyttroid 
polyps),  increasing  by  lateral  budding,  with  a  aexoally 
developed  generation  (hydroraedusa  or  sessile  gonophore). 

The  accoant  of    the  development  thna  far  affords  some 


which  the  hydraid  polyps  and 
be  referred  buck  to  one  and   the 

rates  the  uvity  o(  the  bell  Irom  the  outside  world  and  in  which  a  two- 
lajrcr  arnuigement  ot  the  ectodermal  cells  can  be  recogoizeJ  at  an  early 
epoch  (Whsbass,  No.  «,  p.  a«0). 
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ftatne  initial  i..\-m.  For  if  we  iMsume  tliat  thi>  alternatiun 
of  f;eneratii)Ti>  in  Hydroids  has  arisen  as  a  result  of  divtsiun 
of  labour,  whcrfhy  the  capatijlilies  of  sexntil  and  uon-si'xnal 
reprodactif'!!  Iijive  been  distributed  to  difFeivnt  iudiridiinN 
(Leickaet,  No.  LI),  ne  muHt  regard  tlie  different  shapes  nf 
these  iiidivldunis  as  baving  been  evolved  from  the  sami- 
fundamentftl  fwm  fALLu.s.  Nn  IS  ■  Ci.Ars,  No,  l>2  ;  O-ASn  R. 
HKRTWia,  Nn  S),  >sii  danis,  which  are  repm- 

daced  eicluaively  by 
bndding,  having  ander- 
gone  development  more 
iu  the  vepotativo  direc- 
tion, while  the  free- 
swimming  inedas», 
which  become  scza&lly 
matai-e,  have  allowed 
the  systems  of  oi^tu 
pertiiiiiing  to  the  animiil 
functions  to  attain  to 
complete  development. 
Various  circnmstances ' 
indicate  that  in  tbe  ses- 
sile form  of  tbe  hydroid 
polyp  we  have  to  do 
with  the  primitive  con- 
dition, so  that  we  may 
cbaracterizo  tbe  hydro- 
mednsa  as  a  metamor- 
phosed hydro  id  polyp 
whi[;b  has  acqnired  the 
power  of  independent 
locomotion.  Then  the 
mouth  of  the  mednsa 
would  be  humulogous  to 
'  As  Buch  ii  lo  be  considered  the  (act  that  the  sequence  in  budding 
ia  from  hydroid  polj-p  to  medusa,  and  never  the  reverse,  further  the  total 
absence  of  the  proiluction  ol  orKnn!<.  eB|ieciall;  senBory  organs,  on  th« 
exumbrellar  side  of  the  raedusa-bell.  which  ixjinls  to  an  snlecedent 
sessile  condition  ;  this  isof  im|K>rtauce  in  comparieoD  with  the  couditioD 
in  Ctenophorea. 
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that  of  the  polyp  (Fig.  17  o),  and  the  mannbriam  of  the 
former  to  the  oral  cone  (peristome,  hypostome)  of  the  latter. 
The  cavity  of  the  mednsa-bell  would  be  represented  by  a 
concavity  of  the  peripheral  part  of  the  peristome,  which 
exists  in  many  hydroid  polyps,  while  the  polyp's  crown 
of  tentacles  woald  be  equivalent  to  the  marginal  tentacles 
of  the  medusa  (Fig.  17  t).  According  to  this  interpretation, 
the  aboral  part  of  the  X>olyp,  broadened  and  flattened,  would 
be  metamorphosed  into  the  exumbrella  of  the  medusa, 
while  the  gastral  cavity  of  the  latter  is  differentiated  into 
a  central  stomach  cavity  and  a  peripheral  intestine  {Kranz- 
darm)y  consisting  of  radial  canals  and  circular  canal,  together 
with  the  vascular  lamella  lying  between  them  (Fig.  17). 
The  velum,  produced  by  a  fold  of  the  ectoderm,  would  be  a 
new  structure,  not  present  in  the  polyp.  To  the  differentia- 
tions which  characterize  the  medusa  belong  the  greater 
development  of  the  musculature  and  the  nervous  system 
(double  nerve-ring  of  the  margin  of  the  bell)  and  the 
evolution  of  sensory  organs. 

In  many  Hydroids,  pari  passu  with  an  acceleration  of  sexual  maturity 
accomplished  by  a  dislocation  of  the  germarium  (Weis&iann,  No.  50),  the 
sexual  persons  have  lost  the  power  of  free  locomotion,  and  have  been 
metamorphosed  into  sessile  medusoid  buds  (gonophores).  They  must 
be  regarded  as  reduced  medusie  (v.  Koch,  No.  ^),  in  which  the  marginal 
tentacles,  the  sensory  bodies,  and  the  velum — and  often  the  opening  of 
the  bell  also — have  disappeared,  while  the  peripheral  intestine  has  under- 
gone considerable  reduction  (Fig.  18).  According  to  the  degree  of  de- 
generation, there  may  be  distinguished  with  Weismann  (No.  49)  the 
following  five  stages:— (1)  medusoids  with  canals  in  the  bell,  but  with- 
out marginal  tentacles,  usually  also  destitute  of  velum  and  sensory 
bodies,  manubrium  without  mouth,  usually  becoming  detached  at 
maturity  (Pennaria) ;  (2)  sessile  medusoidsy  bell  usually  without  canals 
or  with  incomplete  ones,  but  with  bell-cavity  and  bell-mouth  (Tubu- 
laria) ;  (3)  sessile  gonophores^  the  wall  of  whose  bell — still  retaining  the 
entodermic  lamella  and  two  layers  of  ectoderm,  but  without  canals  or 
bell-mouth — immediately  encloses  the  manubrium  (Clava,  Hydractinia) ; 
(4)  sessile  gonophores,  the  medusa-layers  of  whose  wall  are  incomplete 
(female  Campanolaria) ;  (5)  sporophores,  i.e.  sessile  gonophores  without 
any  trace  of  medusoid  structure  (Cordylophora). 

It  is  still  questionable  whether  the  sexual  organs  of  Hydra  are  related 
to  the  last  of  these  groups,  according  to  which  Hydra  would  be  an 
extremely  modified  form,  or  whether  we  are  not  perhaps  to   regard 
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H^dra  u  b  poiyp  Ui>t  has  reftobed  sexual  matniitf ,  and  therefore  ai  a 
very  primitive  (orni  ot  bydroiil. 

Id  general  Ihe  seiual  organs,  both  in  the  mediiBs  and  in  the  wsoilc 
gooophoreB,  lie  io  the  eotodemiai  wall  nl  the  manabrium  (Fits-  1^1  <>' 
(Leptomedaen.  Hakckbi.)  on  Ibe  inner  wall  ot  the  bell  in  the  ooune  of 
the  radial  canals. 

The  inveBtigaliooa  of  Wbishanh  have  yielded  new  reBulla  conoeminR 
the  early  stages  in  tlie  formation  of  the  aeiual  producla.  In  the 
orieinol  condilioo  the  sexual  cells  were  developed  and  reached  maturity 
in  the  ectoderm  ot  the  monubriam  of  the  medusa.  In  other  case*  (in 
forms  with  sessile  Ronophores)  the  development  of  the  kiuiO  cells  look 
p1a«e  even  before  tlie  gonophore  itaelt  was  tolly  fonned  ;  there  ensued 
therefore  a  secondary  displacement  (phyletic)  of  the  gormarium,  first 


bidrold  iRdlvlilaali.   A, 


irtMoUi  luiiella. 


into  the  ectoderm  ot  the  bud.  tlien  into  the  enlodcnn  ot  the  Mime,  and 
finally  into  the  enluderm  of  the  stem  and  the  branches  befot«  the  de- 
VelopnieDl  of  the  bud.  From  this  location  the  sexual  cells  are  compellMl 
[  to  migrate  (onlogenetuially)  to  the  seat  of  tlieir  maturation.  It  is  to  bo 
n  that  this  dispUcemenl  of  the  germarium  was  established  in  the 
]nlereel  of  the  greatest  possible  acceleration  of  seioal  maturity.  In  this 
OBse  the  diiplaoement  (phyletio)  ol  the  germorium  is  in  oentripel*! 
direction.  In  the  Leptomedues  (HlbceclI.  oh  the  contrary,  tlie  «eat  ol 
maturation  is  displaced  in  oenlrilugal  direction,  lor  HtBTUkra  has  boon 
able  to  shoK  in  Obelia  that  tlie  sexual  cells  arise  in  the  manubrium,  and 
nsch  thv  nuliat  canals  only  secondarily. 

Ileproduotion  by  baddiHg  occurs  not  only  in  hydioid  polyps,  but  alao 
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in  iiTdromedusn.  In  the  case  of  Lke  tatter  the  buds  maf  be  develojied 
on  the  niuiubrium  (Haraia  eipbonopbara,  Lizzia),  at  the  base  of  the 
(entules  (Saraia  ptolileia,  Coiioiiiuiii  coilonophoniin),  on  the  ling-canal, 
or  at  other  places.  Concerning  budding  in  tho  CuninaB  consult  p.  5S, 
A  remarkable  kinil  ol  reproduction  by  budding  has  been  observed  b; 
Bbooes  (No.  IS)  in  a  Eucopiil,  EpenthesiB  McCradji.  In  tbi«  case 
nnmeroue  blaatostylea  enatosed  in  a  chitinoua  gonanginm  sprout  out 
boin  the  surface  of  the  four  gonads  belonging  Ui  the  radial  canalai  bj 
turUier  budding  small  meduaee  are  produced  on  the  blaBlaatyleB,  Ac- 
cording);, if  the  interpretation  of  thcBe  blaslostylea  bb  metamorphosed 
hydranlhs  ahould  be  deHuitely  established,  we  should  have  in  this  case 
an  eioepUon  to  the  rule  that  bj  the  budding  of  a  medusa  there  can 
never  be  produced  anything  but  a  medusa, 

From  the  form  of  non-eeinal  reproduction— lateral  budding— thus  far 
treated  of.  must  be  distinguisbed  the  reproduction  of  a  hydranth  from  the 
free  end  of  the  stalk,  such  as  has  been  observed  after  injuries,  after  the 
qxmtaneoua  detachment  of  (he  hydrauths,  as  in  Tubnlaria  (Dalyeli., 
Ko.  i ;  ALtBAN,  No.  15),  and  after  the  death  of  the  polyps  in  oonaequenoe 
ot  their  being  overgrown  by  alga;,  as  Ln  the  case  of  Campanalariui* 

(v.  LxXnBKFELD,  No.  83). 

In  addition,  reproduction  by  liir'rfiun  has  been  observed  in  Hydroidi  | 
in  certain  cascB,  thua  by  Metbchwiko^f  (No.  13)  in  the  blastula-st 
o(  Oceania  nnnata,  by  Ussow  (No.  iH)  in  the  buds  and  in  the  mature 
animals  of  Polypodium  hydtiforme,  which  is  parasitic  in  its  early  stagea 
in  the  eggs  ot  the  sturgeon,  and  also  as  the  only  method  of  reproduction 
hitherto  observed  in  the  North  American  fresh.water  Microhydra  Byderi 
and  in  Protohydra  (Gbeeft).  Furthermore  the  occurrence  ol  spontaneous 
diristoQ  in  Hydra  has  been  maintained  by  the  earlier  observers. 

Beprodnction  by  meansof  division  has  also  been  observed  in  the  young 
ot  certain  mednss ;  it  is  introduced  by  the  budding  ot  a  new  stomach ; 
this  is  followed  by  a  grouping  of  the  radial  vessels  around  the  two 
exiating  manubria  as  centres  and  a  fission  of  the  disc,  which  begins  at 
Uie  raugin.  Such  is  the  case  with  Stromobcachium  mirabile  (Kr^LLtsEB, 
No,  37),  Phialidiam  varlabile  (Davidoff,  No,  23).  and  Qastroblaata 
Balfaeli  (I.1H0.  No.  39).  The  newly  formed  radial  canaU  grow  out  from 
the  marginal  canal  as  centripetal  vesaels.  Owing  to  the  fact  that  in  later 
■ta^^  the  budding  ol  the  gastral  sacs  continues  and  the  division  of  the 
indiridnals  does  not  keep  pace  with  it,  in  fact  ceases  altogether,  colonies 
are  produced  (Gastroblasla  Ratlaeli  and  timida— Kei.leb). 

Another  method  ol  non-sexuaJ  reproduction,  which  has  been  called 
fnuiutation  (Ai.r.M>f,  No.  15),  may  best  be  defined  as  an  early 
•batiiction  ol  on  only  slightly  developed  lateral  bud.  In  the  case  of 
Sohicooladium  ramosum,  a  Camponularian,  there  are  on  the  polyp 
eolonjr  lateral  branches  which  bear  no  bydranths.  From  the  ends  of 
tbeae  are  constricted  off  small  porttona.  which,  except  for  the  absence  of 
cilia,  resemble  a  pianola ;  lot  they  attach  themselves,  become  surrounded 
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with  a  perisarc,  and  grow  out  as  the  hjdrOTtuza  ol  a  new  eolonj.  Iha 
first  hydranth  BriaiD);  from  them  by  a  jirocesa  ol  budding.  In  the 
remarkable  Corymorphn.  whicb  does  not  produce  colonies,  bat  remaiiu 
Bolitar;,  a  very  similar  abstncUoii  of  trastolei  takes  place  from  (ha 
lower  part  of  the  poljp.  Perbapa  we  should  recognize  in  thii  prooeaa 
the  last  trace  of  stock- formation. 

Hydroid    Polyps   with   Sessile  Gonophores.— The 

course  of  the  development  of  eriibrj'os  which  iire  formed  in 
BporosacB  IB,  ftccordinE  to  Alluan  (No.  16),  V.  E.  ScHDiJlE 
(No,  46),  RiHAss  (No.  27),  and  METSCHMKOFy  (No.  12),  some- 
what (iiSerent  from  thut  juet  described,  expecially  in  ibe 
formation  of  the  entodeiin,  and  is  more  closely  related  U>  the 
development  of  the  hjpogenetic  medaate  (see  p.  53).  It  is 
maintained  that  in  the  case  of  NesHile  gonophores  there  artsee, 
by  a  total  and  nsnaily  equal  cleavage,  at  fit^t  a  xpheroidal 
■olid  embryo  destitute  of  a  cleavage  cavity  (a  so-called 
niornla  fltago),  the  superficial  cells  of  whicl(  by  more  mpid 
division  become  separated  off  as  a  distinct  layer  (ectoderm) 
from  the  internal  cell-mass  (entoderm).  Aa  la  evident,  tliia 
process  is  closely  related  to  the  formation  of  entoderm  by 
delamination,  whicb  is  to  bo  described  farther  on.  The 
bilaminar  embryo  thus  formed  elongates  and  acj^nires  a  coat 
of  flagella  and,  by  the  dissociation  of  the  entoderm  cellis 
the  beginnings  of  a  gaatral  cavity.  In  most  instances  it 
becomes  free  as  a  planula. 

k  distinctly  unequal  cleavage  ajid  eobseqaent  formation  ol  a  gastnila' 
■tage  b;  epibol;  has  been  described  bj  Cumicuh  (No.  23)  for  TulmUria. ' 

'  [The  development  of  Tubularia  lia«  reeentlj  been  thoroogbl;  in- 
Teatigftted  hj  A.  Diuceb  (Ko.  U.,  Appendix  to  LiUralurt  on  H;droi^e*). 
There  are  two  tjrpes  of  cleavage.  In  the  one  case  it  is  approximaltrl}- 
regular.  There  are,  however,  differences  in  the  size  of  the  blaslomerc* : 
but  no  regular  disuibutioa  ol  these  is  recognizable.  At  length  a  etelo- 
blaaluln  ahsea.  The  entoderm  is  produced  by  division  of  the  blaetodann 
cells  according  to  tbe  multipolar  type,  so  that  finally  the  cleavage  cavity 
(■  filled  with  entodermal  elemeu  is  given  off  from  the  inside  of  tbe  blastola. 
This  stage  looks  like  a  morula,  but  it  is  already  a  bilaminar  gena. 
(Compare  al»a  Oibd,  No.  III..  Appendix  to  Ltleraturt  on  Hydraidea.) 
The  aeoond  method  of  cleavage  exhibits  at  first  only  a  multiplication 

t  o(  the  nuclei :  then  the  cleavage,  beginning  at  the  animal  pole,  progreasM 

I  toward  the  oppoute  side,] 


I 


CNIDARIA  51 

Bat  his  investigations  have  been  refuted  by  Hamann  (No.  27),  Metschni- 
xoFF  (No.  42),  and  CJonn  (No.  21),  aoeording  to  whom  the  development  of 
the  egg  of  Tubolaria  takes  place  in  accordance  with  the  type  described 
above.  On  the  other  hand,  it  appears  as  thoogh  Tichomiboff  (No.  47) 
had  expressed  himself  in  favour  of  Ciamician's  observations.  The  bi- 
laminar  embryo  has  at  first  the  form  of  a  cake,  but  soon  becomes  spindle- 
shaped,  owing  to  the  bndding  forth  of  two  tentacles  at  opposite  points. 
Then  follows  the  formation  of  the  gastral  cavity  and  of  new  tentacles  in 
the  equatorial  plane.  The  latter  are  at  first  curved  toward  the  aboral 
side.  The  embryo  now  generally  undergoes  an  elongation  in  the  direction 
of  the  chief  axis ;  and  while  at  its  oral  pole  the  beginnings  of  the  oral 
tentacles  appear  and  the  mouth-opening  breaks  through,  and  while  the 
main  tentacles  curve  orally,  the  posterior  end  becomes  narrower  and  to  a 
certain  extent  constricted  off  from  the  main  body  by  a  circular  furrow. 
With  this  the  B0>called  (letinula'ttage  (Fig.  19)  is  reached,  and  the  small 
polyp  quits  the  mother  (gonophore)  for  the  purpose  of  attaching  itself  and 
growing  up  into  a  new  colony.  The  agreement  with  the  development  of 
the  larva  of  the  ^ginidsB  to  be  described  further  on  (p.  57)  is  note- 
worthy. 

The  egg  of  Hydra '  develops  in  an  ovarium  which  belongs  to  the 
ectodermic  layer  of  the  body -wall  of  the  polyp,  and  which  has  arisen  by 
an  increase  of  the  cells  of  the  so-called  interstitial  tissue.  Of  the  cells 
composing  the  ovarium  only  one  (in  rare  cases  two)  is  developed  into  a 
mature  egg,  whereas  the  remaining  ones  serve  as  food  for  it,  and  are  in- 
corporated into  the  egg  by  means  of  its  pseudopodia.  The  mature  egg, 
which  contains  numerous  yolk  elements  called  pseudo- cells,  escapes  by 
the  rupture  of  the  enclosing  ectodermic  layer  of  the  parent,  to  which  it, 
however,  remains  attached  for  a  long  time.  The  part  of  the  egg  which 
is  directed  away  from  the  body  of  the  mother  marks  the  animal  pole, 
that  which  adheres  to  it  the  vegetative  pole,  of  the  egg.  Then  follow  the 
detachment  of  the  polar  globules  and  fertilization.  The  development  of 
the  egg  has  been  studied  by  Kleinenbero  (No.  32),  Korotneff  (No.  35}, 
and  Kerschner  (No.  33).  According  to  Kerschneb,  a  solid  morula  is  not 
formed ;  but  there  is  produced  by  total  and  tolerably  equal  cleavage  a 
blastula,  from  the  lower  (vegetative)  pole  of  which  there  is  a  migration 
into  the  cleavage  cavity  of  cells  which  go  to  form  the  entoderm.  In  this 
case,  then,  the  entoderm  arises  by  polar  ingression ;  and  since  in  Halecium 

1  [In  regard  to  the  development  of  Hydra  the  reader  is  referred  to  the 
important  recent  investigations  of  A.  Bbauer  (No.  I.,  Appendix  to  Litera- 
ture on  Hydroidea).  A  coBloblastula  with  a  large  central  cavity  is  pro- 
dooed  by  total  and  equal  cleavage.  The  formation  of  the  entoderm  is 
multipolar,  and  results  from  the  inward  migration  or  the  division  of  the 
blastoderm  cells.  The  ectoderm  secretes  an  outer  and  an  inner  germinal 
membrane ;  it  is  itself  preserved,  however,  and  persists  as  the  permanent 
ectoderm.  The  layer  of  interstitial  cells  arises  from  the  ectoderm.  The 
future  oral  pole  is  identical  with  that  of  the  polar  bodies.] 
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t«ne11um  HAluN^  (No.  37)  and  in  Camponutu-u  oalionlau  (?)  Hetikrxi- 
Korr  (No.  13)  have  obBerved  the  formation  o(  the  entoderm  by  immtgra- 
tion,  this  type  B{ipearB  to  be  more  wide -apread  among  the  bydroid  polyp* 
than  baa  been  auoined  hitharta. 
After  the  cleavage  cavity  it  oompletely  filled  with  entoderm  esU*.  a 
double  egg* membrane  ia  aeonlAd, 
an  inner  germ  envelope  and  an 
outer,  harder  cbitinomi  shsll. 
Whereas,  aooording  to  Ki^ikix- 
nEHO  and  KoBOTNEFr.  the  ecloder- 
mio  layer  ia  wholly  oonstunad  in 
the  formation  of  the  latter.  KkS' 
acuNKR  naa  able  to  &how  that  llii 
ectoderm  persists.  The  egg  now 
detaches  itself  from  the  body  of  llie 
Tib.  10.— AcUnala  n(  T>it»iiii>u (after  mother  and  ainka  to  the  bottom. 
CuHician).  n,  Incipient  gralwntaclH.  The  tataa  at  entodermio  cell*,  by 
the  formation  of  oiuneniiM  oon. 
□ecting  cords  of  protoplasm  and  interstices  between  them,  then  assomes  an 
appearance  similar  to  that  of  connective  tiasue  (KBBScaiian) ;  and  then 
the  gastral  cavity  makes  its  appearance  la  this  mass.  Finally,  the  oular 
(ohitinona)  shell  of  the  germ  goes  to  pieces  ;  and  Ilie  embryo,  still  enoioaed 
in  the  inner  envelope,  emerges  (mm  it.  The  tentacles  now  ariM  as 
evaginatiooB  of  the  wall,  and  the  mouth-opening  ie  formed  by  a  breaking 
Ihrongfa  of  the  wall  at  a  place  which  oorreBponds  to  the  vegetative  pole 
(EUaauBHtB),  so  that  after  the  diasotution  of  the  inner  meabrane  the 
young  Hydra  becomes  free  in  a  form  thai  resembles  an  actinula. 

Statements  ooneemiog  the  laws  which  govern  the  appearance  of  the 
t«ntac1e«  in  Hydra  have  thns  far  disagreed.  KLxixiiNbEiia  maintains 
that  all  the  tenlaoles  appear  at  the  same  time,  whereas  KuitoTHsrr  aaaarta 
that  they  arise  ia  pairs,  as  Mihbbcuowhxt  has  affirmed  lor  bads.  While 
Jona  (No.  !ll|  was  unable  to  recognize  in  the  Utter  any  definite  IkW. 
Haicee  (No.  3H)  believed  that  he  had  observed  that  the  Hydraa,  apan 
e  green  form,  were  divisible  into  two  species,  which  he  dis- 
I  tlnguished  a>  H,  Trtmblyi  and  H.  Koeselii.  On  the  buds  of  the  former 
ftU  (six)  tentacles  arise  simultaneously  :  the  appearance  of  the  tentaolee 
on  the  buds  of  H.  Boesetii,  on  the  contrary,  disolosee  a  definite  orienlft- 
tion  in  relation  to  the  maternal  orgBDism.  inasmuch  as  (the  insertion  of 
the  bad  being  perpendicular)  tlie  two  tentacles  first  to  appear  lie  in  a  plane 
dividing  the  maternal  or^ininm  transTersely.  while  the  third  sprouts  ont 
in  a  plane  perpendicular  to  the  first  and  toward  the  oral  aide  ol  the 
mother,  the  fourth  opposite  llie  latter,  etc.  Such  examplaa  pro** 
that  in  ttook-lorming  radiate  animals  the  bilateral  symmetry  ol  the  hoi 
ia  oaoaed  by  its  relation  to  the  parent  organism.  We  must  thetalore 
attribnta  tlia  bilateral  atraeiore  of  tnany  CiBlenleratei  (Anlhoioa,  yoong 
Soypbo-polypi)  to  stock- formation. 
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Conceming  the  development  of  Hydrocorallia  there  are  as  yet  only 
scattered  observations.  Moselet  (No.  44)  found  in  the  Stylasteridas 
well-developed  planolie  within  the  gonophores.  The  larvfe  of  Millepora 
also  appear  to  become  free  at  this  stage.  In  this  case  the  very  small 
eggs,  with  scanty  yolk,  pAss  through  the  first  stages  of  development  in  the 
entoderm  of  the  ccenosarc,  where  they  are  often  attached  by  a  stalk-like 
psendopodinm  to  the  supporting  lamella.  Subsequently  they  migrate 
into  the  entoderm  of  the  basal  plate  of  the  gastrozodid,  where  they 
develop  into  planulie.  It  is  remarkable  that  the  early  development  is 
here  accompanied  by  a  considerable  increase  in  the  number  of  the  em- 
bryonic nuclei,  but  without  distinct  cleavage  (Hickson,  No.  80,  and  Nos. 
VI.  and  Vn.,  Appendix  to  Literature  on  Hydroidea). 

Hypogenetic  Medusae. — In  the  groups  of  the  Tracho- 
medusas  Mid  Narcomedusm  the  alternation  of  generations,  con- 
sisting in  the  regular  recurrence  of  polyps  and  medussB,  is 
wanting,  since  in  these  instances  the  poljp- generation 
appears  to  be  suppressed*  The  young  medusas  are  developed 
from  the  Qgf^  directly,  but  in  many  cases  still  have  to  pass 
through  a  metamorphosis.  In  the  Cuninas,  however,  there  is 
a  secondary  introdaction  of  alternation  of  generations,  the 
larva  developed  from  the  e^g  giving  rise  by  a  process  of  bud- 
ding to  medus8B  (parasitic  bud-spikes  [Knospenahren]  of  the 
Cuninas). 

The  development  of  the  e^^  of  the  Qeryonidse  has  been 
studied  in  several  species  by  Metschnikoff  (Nos.  42  and  12), 
FOL  (No.  25),  and  Brooks  (No.  17).  The  Geryonid  egg, 
which  is  expelled  from  the  mother  s  mouth,  is  surrounded  by 
a  mucilaginous  envelope,  and  shows  a  distinct  separation  into 
a  granular  ectoplasm  and  a  foam-like,  clearer  endoplasm.  By 
total  and  equal  cleavage  there  are  produced  two,  four,  eight, 
etc.,  blastomeres,  in  which  a  superficial  ectoplasmic  and  an 
inner  endoplasmic  portion  can  be  recognized  (Fig.  20^).  In 
the  sixteen-cell  stage  there  is  usually  to  be  seen  a  cleavage 
cavity  (Fig.  20  A  ^h)  produced  by  separation  of  the  blasto- 
meres. If  this  represents  the  blastula-stage,  the  following 
stages  inaugurate  the  formation  of  the  entoderm,  which, 
according  to  the  concurrent  testimony  of  the  investigators 
mentioned  above,  takes  place  by  means  of  a  so-called  delamina- 
tion  process. 

By  a  transverse  division  of  each  of  the  cleavage  spheres 
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the  ectoplasmic  portion  is  separated  from  the  «lido- 
plaamic  (Fig.  20  B).  The  latter  constitatea  the  «nto< 
dci-mic  elemonta.  The  resalt  of  this  process,  which  takes 
place  over  the  whole  periphery,  is  the  formation  of  a  closed 
two-layer  cellular  sac  (Fig.  20  C),  the  outer  layer  of 
which  repreNent.B  the  ectoderm,  the  inner  the  entodenn. 
while  the  central  space,  the  former  blastooele,  now  becomes 
the  gmstroea-Ie  or  archenteron.  Soon  thei-e  is  a  neoretion  of 
a  transparent  jelly  between  the  two  layers  (Fig.  '20  C,  g). 
Since  the  embryo  from  thin  time  forward  swims  about  by 
meanR  of  the  fla^tlat«  motion  of  the  ectodermal  cells,  this 
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Stage  may  be  compared  with  the  plaunla-stoge  of  the  other 
Hjdroida. 

The  next  change  cousists  in  the  iacro&se  of  the  gelatioous 
necretion,  whereby  the  ectodei'ra  sac  is  greatly  distended. 
Inasmuch  aa  this  secretion  does  not  take  place  uniformly  on 
all  sides,  the  entoderm  sac  becomes  more  and  more  eccentnc 
until  it  touches  the  ectoderm  at  one  point,  the  oral  pole 
(Fig.  21  ,4).  The  cells  of  the  ectoderm  and  entodenn  at 
this  place  become  thickened,  and  here  the  munth-openiug  is 
subsequently  formed  by  the  bivaking  through  of  these  layers. 
On  the  thickened  ectodermic  plate  xaiTounding  the  month 
there  is  soon  established  a  special  thickening  of  the  peripheral 
parts,  whereby  a  circular  wall  is  produced,  on  the  oater  side 
of  which  the  four  (or  six)  primary  tentacles  ore  developed 


as  Blight  elerations,  in  the  interior  of  which  are  to  be  recog- 
nized cords  of  entoderm  cells  continuous  nith  the  wall  of  the 
g&stral  cavity   (Fig.  21  B).      This    tentacle -bearing   stage. 


which  does  not  yet  reveal  the  peculiarities  of  the  mednaa, 
taay  well  be  regarded  as  a  modified  actinnla-atage. 
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In  the  further  course  o!  development  the  larra,  hitherto 
spherical,  andet^oes  a  flattening,  and  at  the  e&me  time  the 
entoderm  sac  becomes  depressed.  Then  the  velnm  (Fig.  21 
B,  p)  ie  developed  from  the  ring-like  wall  of  the  ectoderm. 
By  the  enfolding  of  the  area  surrounding  the  month-opening 
the  beginning  of  the  sub-nmbrellar  cavit;  is  establitthed 
(Fig.  22),  which  soon  increases  in  size.  Since  the  flattened 
gHstral  cavity  likewise  uudorgoes  an  enfolding,  it  now  has 
the  form  of  a  donble-wal  led  cap  invert«d  over  the  snb- 
nmbrellar  cavity.  According  to  Brooks,  its  two  walla  (in 
LiHope)   come  together  and  feae  with  each  other  at  four 


interradial  places  (Fig.  '22  i),  thus  forming  the  cathammal 
plates  of  the  vascular  lamella,  while  the  regions  that 
remain  nnfosed  represent  the  four,  at  flrst  very  broad, 
radial  vessels  (r)  and  the  Hug-canat  (g).  The  further 
changes,  through  which  the  larva approatshtw  the  atrnctnroof 
the  adult,  consist  in  the  establishment  of  the  interradial  ((') 
and  the  permanent  perradial  (f ")  lentaclea  (while  the  primary 
tentacIcH  disappear),  the  development  of  otocysts,  the  ont> 
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fcrowth  of  the  gaatroatjlc,  and  a  general  Rattening'  of  the  betl 
(Brooks). 

Upon  these  metamoi-p hoses,  above  all  upon  the  loos  of  the 
solid  larval  tentacles — of  wliich  the  peiradial  are  always  I'e- 
Borbed,  while  in  some  foniiB  the  interradial  are  retained 
alongside  the  later-developed,  hoilow,  permanent  (perradial) 
ones — is  baaed  the  metamorphosis  of  the  Geryonidfe,  accu- 
rately described  by  Leuckakt,  Vr.  MCller,  and  E.  Haeckei,. 

In  AgUiurn  uid  Rhopalonema  the  entoderm  is  not  produced  by  de- 
Immi nation,  bot  like  that  o[  the  hjdroid  polyps,  since  there  ia  formed  at 
first  a  Eolid  ao-onlled  momla-atage  destitute  ot  oleavage  cavity,  the  auper- 
licial  cells  ol  vhich  are  oonverted  into  the  ectodennic  layer,  while  (hose 
within  represent  the  entoderm  IMeTscBNtKorr,  No,  13), 
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The  development  of  the  Nareomedugce  from  the  egg  hoe 
become  known  principally  thi-ongh  METscHBiKOFt"  (Noh.  12 
nnd  13).  In  .Ji!giiiop8is  mediterranea  the  formation  of  the 
entoderm  ia  accompliahed  by  multipolar  ingreiiitm.  In  the 
coorse  of  cleavage  there  is  no  diatinot  cleavage  carity  pro- 
dnced,  bot  from  a  very  early  period  cella  migrate  into  the 
interior  from  any  point  whatever  of  the  aorface,  and  these 
conatitate  the  entodermic  cell-mass.  Since  the  ectoderm 
becomes  flagellate,  there  ia  produced  an  elongated,  rod-like 
planula,  which  has  almost  the  appearance  of  a  detached 
tentacle  of  a  hydroid,  for  its  interior  ia  tilled  with  ento- 
dennal  cells,  which  are  arranged  in  a  single  row  at  either 
end,  being  more  crowded  in  the  middle  portion  only.  Soon, 
however,  these  afterwards  bent  ends  are  seen  to  grow  out 
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into  the  first  tentacles  of  the  larva,  while  the  middle  part 
becomes  the  body  of  the  medusa  (Fig.  '23).  The  gaatrkl 
cavily  is  pi'oduced  by  the  dissociation  of  the  eutoderm 
cells,  the  month  breaking  throa^h  later.  There  is  developed 
a  second  pair  of  smaller  tentacles,  which  with  the  first 
pair  foima  a  cj-obs.  By  the  development  of  the  eensory 
bodies,  the  mceoglcea,  the  nmbrellar  cavity,  and  the  velnnii 
the  larva  is  fp-adually  converted  into  the  form  of  the 
mednsa  (J.  MUllku,  METscnMKOtt J. 

AJtboueh  the  development  of  the  jGgiiiiclu'  thus  coniiBti  ol  ■  simple 
metaiuorphoBis,  much  more  com  plicated  reUtioiu  hftve  been  loond  in 
the  life-hiatory  ol  the  CuninM,  which  kre  produced  by  the  panuttinn  of 
the  larva  and  the  eimultaaeous  tendcncf  to  early  budding.'  The  oon- 
ditiona  in  CunoctKnUu  octoDarin  aiu,  according  to  McCradi  and  U> 
Bboou  (No.  17),  comparatively  simplu.  Id  this  caae  the  eiliale  larvc  get 
into  the  nmbrellar  cavity  o[  one  ol  the  Tiaridn  (TurrilopeiB),  and  there, 
through  stages  similar  to  those  described  above  lor  fginopeia.  grow  np 
into  an  actinula-like  oreature,  which  attaches  itsetl  by  means  el  its  lour 
tentacles  to  the  outer  wall  ol  the  stomach  ol  Turritopsis,  while  itintro- 
duoea  its  long  proboscis  through  the  mouth -open  ini;  into  the  stomach  of 
its  host.  This  larval  stage  multiplies  by  budding  until  finally  both  the 
original  larva  aud  the  individuals  Ihua  produced  acquire  the  form  of 
meduin  by  a  gradual  metamorphosis,  end  become  young  CunoctanthB. 
Similar  are  the  eases  in  which  free-swimming  planule  of  Canioas  mi- 
grate into  the  stomach  ol  Qeryonidn  and  there  attach  themaelvM,  and 
grow  up  into  a  spilce  of  buds  IKtHMpfnlihrr],  Since  in  these  case*,  boH' 
ever,  the  bnds  alone  possess  the  eapability  of  being  metamorphoMd  into 
meduBV,  whereas  the  polypoid  stolon  developed  out  ol  the  larva  does  not 
tmdergo  further  development,  the  outcome  is  the  eslablishment  of  an 
alternation  of  generations.  There  have  often  been  observed  in  the  gae- 
tral  cavity  of  CunlQas  themselves  parasitic  larva  of  Cuninai,  which 
became  melamorphoeed  into  medusn,  but  at  the  same  time  multiplied 
asexually  by  budding  at  the  aboral  pole  (MeiHCHXiEorr).  Smce  the  in- 
dividuals thus  produced  often  differ  esseDiially  in  stnicture,  espeoialty 
in  the  number  of  the  antimera,  from  the  forms  in  whose  stomachs  they 
are  found,  it  has  remained  doubtful  whether  one  had  to  do  in  this  case 
with  a  brood  differing  from  the  parent  in  form  or  with  desonndanta  ol 
another  species  ol  Cunina,  which  in  the  free-swinuuing  stage  migrate 
into  the  gaslral  cavity  ol  the  host.  Itecenlly  a  Conina  larva  {'.')  para- 
aitizing  the  mantle-jelly  ol  Salpa  fusilormis  has  been  described  by 
KoRuTNitrr  (No.  86)  as  Oastrodea  parasiticum.' 

■   [Compare  0.  Mus,  No-  X.,  Appendix  to  Liieralun  on  Rydroidaa.] 
'   [In  regard   to  the  position  of  Oastrodes,  compare  KoaoTKan*,  No. 
TUl..  and  Hkiukk,  No.  VIJ.,  Appendix  to  LitrraiiiTe  on  Bydroidaa.] 


i 


CNIDARU  59 

BfETscHKiKOFF  (No.  12)  has  described  and  designated  as  $porogonia  a 
remarkable  method  of  reproduction  in  Gunina  proboscidea.  This  would 
be  the  only  case  of  parthenogenetically  developing  eggs  among  Coelen- 
teratee.  There  are  developed  in  the  sexual  organs  of  this  form  (in 
addition  to  the  reproductive  elements)  neutral  amoeboid  sexual  cells, 
which  soon  migrate  out  of  their  places  of  origin  and  penetrate  into  the 
entoderm  of  the  gastral  pockets  and  of  the  ring-canal,  and  also  into  the 
gelatinous  layer  of  the  sub-umbrella.  These  amoeboid  cells,  which  occur 
in  males  as  well  as  females,  at  first  divide,  and  then  one  of  the  cells 
closes  around  the  other.  The  enclosed  cell  is  converted  into  the  embryo, 
while  the  enveloping  cell,  as  an  enormously  enlarged  amoeboid  cover- 
cell,  provides  for  the  nutrition,  the  motion,  and  the  attachment  of  the 
embryo.  With  the  further  growth  of  the  ciliate  embryo  it  hangs  free  in 
the  gastral  cavity  of  the  parent  animal,  while  the  cover-cell  alone  effects 
the  attachment  to  the  entoderm.  Finally,  the  embryos  become  free  in 
the  gastral  space  of  the  parent,  where  they  are  metamorphosed  into 
medass,  and  at  the  same  time  produce  buds  from  their  aboral  pole. 
The  medusae  thus  produced  are  already  sexually  mature  at  the  moment 
of  their  emergence  from  the  body  of  the  parent.  They  are,  however, 
essentially  different  from  the  parent.  They  have  the  characters  of  the 
Solmaridn  in  so  far  as  they  possess  a  simple  gastral  sac  and  a  ring- 
shaped  gonad,  whereas  "otoporpsB**  are  wanting.  Here,  therefore, 
there  is  an  alternation  in  the  cycle  of  development  of  two  differently 
eonstmcted  sexual  generations,  one  of  which  has  arisen  in  a  partheno- 
genetic  manner  (or  by  budding).  These  conditions  require  further 
investigation  and  confirmation. 

II.      SiPHONOPHORA. 

Systematic:  I.     Physopharidae. 

1.  PhysonectaB  (Haeckel). 

2.  PneamatophoridaB    (Rhizophjsa, 

Physalia). 
8.     TracheophyseB  (Vellela,  Porpita). 

II.     Calycophoridas. 

The  eggs  of  the  Siphooophora  are  developed  in  sessile 
d^nophores,  or  in  small,  ultimately  free,  primitively  qoadri- 
radiate  craspedote  medusae,  and  are  fertilized  in  the  sea- 
water  after  their  deposition.  They  are  spherical,  nsaally 
naked  (with  the  exception  of  Hippopodiaa  gleba),  and  re- 
semble the  eggs  of  the  G^ryonidas  and  Ctenophora  in  so 
far  as    a  dense  homogenous    exoplasm  and  a  vacuolated. 
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frothy -looking  pDdciplivHTn  can  be  distiogaished  in  them. 
Cleavage  is  always  total  and  equal,  and  leads  iirst  to  a 
mortila-ttage,  which  shows  no  cleavaf^e  cavity  within  it.  By 
the  development  of  e,  layer  of  Braall  ciliated  ctills  on  its 
outer  sarface,  there  iH  prodoced  h  two'layer  Bpherical  or 
somewhat  elongated  ptanula-ntage.  Nothing  more  accnrsta 
concei-ning  the  sepwation  of  the  two  germ-layers  is  known 
op  to  the  present  time. 

The  development  of  the  Siphonophora  has  been  investi- 
gated chiefly  by  QEaENRAUR  (No.  67).  Uikcubl  (Nob.  68  uid 
70),  METicHNikOFr  (No.  13),  Fbwkeb  (No.  66),  and  Chits 
(Noa.  54—58).  Considerable  differences  prev»il  among  the 
varioas  groups  regarding  the  fnrthor  development  (meta- 
morphosis') of  the  youn^  Siphonopbore  stock. 

Physophoridae, — A  comparatively  simple  type  is  ropre- 
Reuteil  by  the  development  of  Hatistemma  (St«phanomia) 
pictnm.  The  first  change  noti<;eahle  in  the  plannla  ia  an 
elongation  in  the  direction  of  the  snbseqaent  chief  axia 
(Pig.  24  A)  and  the  accnmulation  of  red  pigment  at  the 
lower  (oral)  pole.  Certain  Hmall  cells,  which  have  ap- 
jHirently  proceeded  fi-om  a.  metamoi'phosia  of  the  large 
nntritive  entoderm  cells,  then  make  their  appearance  nuder 
the  ectodermal  cell-layer,  and  soon  arrunge  themselves  in  a 
second  layer  of  cells  (the  pei-manent  entoderm)  nnder  the 
ectoderm.  In  the  further  conrse  of  development  the  larg« 
nntritive  entodermal  elements  become  more  and  more  ab- 
sorbed, BO  that  an  internal  cavity,  the  gastrovaAcnlar  cavity, 
is  developed  (Fig.  24  B).  The  fundnment  of  the  Brat 
organ  to  bo  formed  is  seen  at  the  npper  (tiboral)  pole.  The 
ectoderm  here  exhibits  a  thickening,  which  very  Aoon,  like 
the  bnd  nncleaa  [Knonpenkem']  of  a  medoaa,  grows  inward 
(Fig.  24  A,  ep),  and  by  a  dehiscence  of  the  cells  develops 

'  We  here  reffsrd  the  entire  Siphitna|>hare  stock  as  a  anlt  (individual 
ot  the  Ihiril  or  higlivr  deitrep,  eurm).  Just  as  the  meluDOrphoBia  o(  an 
individual  of  the  »econd  degree  {pmoir)  usuall;  takes  place  by  the  lou 
ot  Isrvtti  org&nB  snd  their  replacement  by  pcmianenl  ones,  eo  the  mela- 
moiphmia  of  the  Siphunoiihore  Block  ig  freiiuently  acoompanied  \tj  the 
loai  ot  larval  porta,  to  which  the  value  ot  a  peraon  miut  be  oMritwd,  r^., 
ncetooalycci.  hydropbyllift,  ct«. 
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'  at  the  centre.     This  is  the  earliest  trace  of  the 
latopliore.    which    consequently    is   formed    as   a   solid 

rth  of  the  ectoderm.     After  this  the  fondaraent  of  the 

fl»t  larval  tentacle  becomes  niiticenble  as  a  lateral  evagina- 
tion  of  both  body-layers  (Fig.  2i  B,  t).  The  fundament 
of  a  second  deciduona  larval  tentacle  soon  follows.  The" 
bilaterally  symmetrical  structure  of  the  larva  is  indicated 
by  the  appearance  of  the  tentacle,  since  that  side  of  the 
body  to  which  the  above-mentioned  oi'gan  belongs  corre- 
eponds  to  ihe  zone  from  which  subacqueiitly  all  the  newly 


urn  (Ktt 

UEt*caiTtiorF,(minB>.i,rDgi'iL'Dni]HiriiliiiEnbrv<i(<)i7ii).  ^l.cillBUidpUii 

llo-lUff 

ler  lUg 

UQUclB ;  yT'  pncami.dKyn  1  t)},  lu  ectodennHl  envelops  Ipn^umHtnix 

•cu.) :  M 

appearing  buds  grow  forth,  the  so-called  ventral  side  of  the 
•Siphonophore  atock.^  At  the  same  time,  by  a  transverse 
constriction  at  the  base  of  the  tentacle,  a  separation  into  an 
upper  portion  of  the  body,  which  becomes  the  gtem  and 
pnenmatophore,  and  a  lower  portion  is  indicated.     The  first 

'  The  deaignftlion  ol  IhiB  as  the  ventral  aide  can  onJy  be  eetabliahed 
bf  eorapuiwra  with  olher  Siphonophore  larvai.  On  the  other  hand, 
Bucstb  {No.  TO,  p.  31S,  Tal.  xxii.)  has  painted  out  that  the  primary 
lenUcta  of  aimilai  larrn  has  a  dorsal  position. 


nntritive  polyp,  polypite,  ib  doreloped  from  the  latter  by 
the  breaking  through  of  a  mouth -opening'  at  the  lower  pole. 

Thus  a  larval  form  is  reached  in  Halisleninia  pictam.  vhich  renart 
tt«quentl;  amotiK  the  Physophoridc.  and  canusla  ottbe  apical  poeQmato- 
cjat  and  a  polypite  with  aocompanymg  lentaole.  !□  it  we  reoogtuee  the 
Anronectid  larva  deBcribed  by  Haeciel  {Ko.  70),  and  referred  to  Slephaita 
corona,  which,  in  addition  to  the  extenuive  pneumBtophore.  aUo  exhibiM 
the  fundament  ol  the  remarkable  apparalua  (or  the  elimination  ot  air 
(auTophore).  Moreover,  it  appears  to  occur  among  the  Pnennialophorids 
(CHttN).  Thus  the  youngest  Physaltd  larviF,  which  have  been  made 
known  through  Bduav  and  Hieckel  INo.  TO),  are  oonetructed  after  this 
type  (Fig.  25).  Not  until  a  later  period  do  the  air-sac,  which  ii 
conKiderabty  in  size,  and  the  rudiment  ol  the  b 
horizontal  position,  whereby  the  formerly  apical  pore  of  the  pneoniaU)- 


Fio.  IS.— YoDDgHi  tirTnl 
Uanciii).  p,  pDeaaaiaphni 
m,  pol jpiw ;  /,  tenlaoie. 

oyK  cornea  to  occupy  the  anterior  end,  the  insertion  o(  Ihe  prirDaT7 
polypite.  on  the  contrary.  tbepOHterior  end.  ol  the  body,  on  tlMt  utuler 
(vealia])  side  ol  which  new  groups  of  individuali  Ipolypitei,  dactylo- 
KoOids,  with  lenlaclea  and  gonophore*)  now  bud  forth.  Lal«r  the  ao- 
called  pneumatic  plate  in  developed  on  Ihe  inner  side  ot  the  air-tao 
(modifled  pneumatio  funnel),  and  also  the  dorsal  comb  |Cbd!<,  No.  68|. 

The  development  ol  Ualiatemma  nibnim  lalcee  placv,  acoordin«  to 
UancHNixorr  (N'o.  13),  in  a  Himllar  way  to  that  of  U.  pictum,  differing 
Irom  it  principally  in  the  early  appearance  of  the  buds  of  the  oeoIOMllw 
[SdneimauH-ulfl.  which  are  developed  on  the  ventral  side  between  the 
fundament  of  the  pneomalophore  and   the    flrrt  tentacle.    The    tlrM 


Ktocalyi  budiBeatablished  very  early,  at  thesa 
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ejati  Hid  both  tluidamentB  at  dtst  have  almost  the  same  appearftnoe. 
In  the  further  coarse  □(  development,  however,  the  Inndament  of  the 
nectocslyi  piotmdes  out  over  the  Barlace  ol  the  larva,  and  ie  aonstricted 
oB  from  it  like  a  bud,  whereas  the  pnemuatophore  remuus  Bonb  in  the 


La  o(  three  hjdrophillia.  d,  ptlnmrr  sap-tlmpeil  hydrophtlltom 
«coiid  hQEeromnrpboiuibydTDphilha;  «e,flcLadtnni  <<n,  entoderm; 
t;  g,  mHoglini  i  gv,  (nBtrovBMular  cavity ;  p.  fandoment  of  pn' 


to  the  ventral  aide  b;  t,  Aortal  accuinulation  of  nutritiv*  entodenn*) 
cells.  Thia  condition  affords  a  iTansition  to  the  Utvib  of  Agolnu.  Crjt- 
UUodes.  »nd  Atorybia.  in  which,  by  an  accamolalion  ot  still  gnator 
tnasMB  ol  large  natritive  cells  on  the  dorsal  side  □(  the  larval  body,  a 
■truclure  almost  like  a  yolk-saa  may  be  developed  (Crystallodet]. 

The  development  ol  Agalna  hru  been  deticribed  by  MrtscHKUorr 
(No.  IS)  and  Fewkbs  (No.  66).  The  ciliated  pUnala-sUMie  here  rrt«iiia 
the  spherical  shape  at  the  eng,  but  soon  eihibits  a  Ihickemng  ot  tha 
ectoderm  at  one  apot.  At  this  place,  which  ocrresponda  to  the  sabee- 
quent  ventral  aide  of  the  embryo,  an  aocumuUtian  ot  Buall  oelU  aooo 
takes  pUce,  which  forms  a  second  oell'-layer  under  the  ectoderm  (Fig.  96 
A,  tn).  Both  layers  separate  somewhat  from  the  nnderlying  large 
nulritivB  c«lls.  thereby  forming  the  gastral  cavity  (uc).  while  the  pro- 
jection arising  in  this  way  is  constricted  off  from  the  rest  ol  the  larvKl 
body  by  a  circular  furrow,  and  is  to  be  recoRnixed  at  the  fundament  ol 
the  Rrst  primary  bydrophyllium  [F\g.  36  H.  d).  It  develops  farther  by 
the  secretion  ol  a  gelatinous  mass  (y).  lying  between  the  ectoderm  and 
entoderm,  which  soon  increasea  jn^alty.  so  that  the  entodermio  diver- 
ticulum extending  into  the  hydropbillinm  becomes  a  comparatively  amalt 
plug-shaped  organ.  A  short  time  alter  the  estabtiahmenl  ol  the  primar; 
cap'Shaped  bydrophilUnm.  the  poeumatophore  is  formed  as  an  ecto- 
dermic  ingrowth  [Fig.  26  B  and  C,  p).  which  is  soon  surrounded  by  an 
eetodennic  duplieature,  while  the  pneumatocyat  is  developed  inside  ol  it. 
Next  there  bud  forth  on  the  ventral  side  two  new  fundaments  of  hjdro- 
phiUia  (Fig.  36  C.  d'.  tP),  which  develop  into  the  heteromorpbous. 
leaf-shaped,  serrated  larval  hydrophilli*.  and  meanwhile  a  new  ventral 
bud  is  developed  into  the  provisional  tentacle  (/).  By  the  enlargement 
ot  the  gaatravamolar  cavity  {gv),  the  remains  of  the  larval  body,  which 
is  filled  with  natritive  cells,  are  gradually  metamorphosed  into  the  poly- 
pite.  The  lurthor  development  is  aocompliihed  by  the  loH  of  the 
primary  cap-shaped  hydrophillinm.  which  is  replaced  by  a  circle  ol 
toliaceous,  hkewise  provisional,  hydrophillia.  so  that  in  this  way  a  larval 
stage  is  reached  which  resembles  the  condition  which  persists  thronghoat 
Lfe  in  Atorybia  (Clahs). 

The  development  of  Phyiophom.  which  in  general  is  like  that  of 
Halistemma.  is  also  characterised  by  the  early  development  ot  a  larval 
hydrophillium  which  snbsequently  disappears,  the  earliest  fundament  ot 
which,  as  it  seems,  precedes  that  of  the  pneumatophore.  In  the  turtfaer 
pnjgress  a  larva  is  developed  in  which  the  bilateral  hydrophillium.  which 
is  provided  on  one  side  with  a  fissure,  envelops  like  a  spalhe  the  funda- 
ment ot  the  polypite.  the  pneumatophore,  and  the  provisional  lentaole. 
The  general  resemblance  of  this  larva  to  certain  bilaterally  symmetrioal 
meduso  (Hybocodon)  has  already  been  pointed  out  by  IIsErEsi.  (No. 
68).  and  later  by  BstJoDn.  and  has  been  made  use  ot  in  support  ot  tks 
medusa  theory  (see  p.  73). 

According  to  this  view,  the  lana  of  this  stage  would  represent  an  in- 
dividnal  of  a  medusoid  organization,  in  which  the  manubriuta  ol  tlu 
mftdnw  wonld  be  represented  by  the  polypite,  and  the  umbrella  ot  th« 
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madoBll  by  tbe  larval  hydrophi Ilium,  whereae  the  tentacle  would  have 
to  be  explained  as  the  only  remBinin^  tnargiaal  tentacle  of  tbe  medusa. 
This  primary  individURl  o(  the  Siphonophore  Block,  referable,  from 
Uaecsel's  point  of  view.  lo  the  tandmaeDtal  tonvi  of  a  Hydromeduea, 
would  in  the  language  of  the  medusa  theory  (see  pp.  TO  and  73)  be 
called  a  mrdiuom.  and  the  correspondini;  larval  form  a  Hip/ionvla-itage. 

Only  portions  of  the  development  of  the  Vellrlidie  (TraoheophyB», 
Cttrx)  are  as  yet  known.  A  nnmber  of  young  lanie  have  been  de- 
HOribed  by  A.  Aoassiz  (Ho.  52|.  Haecksl  (No.  TO).  Bkhot  (No,  B,<i|.  and 
Cbitn  (No.  ST).  The  youngest  larval  stage  observed  by  Haeckel.  perhaps 
belonging  to  the  developmental  cycle  of  I'orpita.  was  named  Diteoavla  ; 
it  eihibitB  a  dislinctiy  octorodial  structure  (Fig.  ST).  From  the  under- 
Eurface  of  tbe  discoid  stem  there  hangs  a  oentral  polypile  [c),  the  oavilj 
of  which  is  united  by  means  of  eight  radial  canald  to  a  peripheral  ring- 
canal  and  eight  simple  tentacles  (r).     In  the  apical  part  of  the  gelnti- 


noiM  disc  is  found  a  central  lentilorm  pneuniatocyat  (p).  surronnded  by 
a  circle  ot  eight  radial  air-ohombers,  each  of  which  opens  to  the  ei- 
tttrior  by  means  of  a  dorsal  pore.  Haeceel  interprets  this  stsge  as  ths 
ontogenetic  reproduction  of  an  octoradlal  ancestral  form  which  would 
have  to  be  sought  for  among  the  Tracbomedusie  ;  consequently  all  the 
Siphonophorea  issigaBble  to  this  group  must  be  (Separated  as  an  inde- 
pendent sub-class  (Disconanthie)  from  all  the  remaining  ones,  which  are 
deocended  froni  a  bilateral  ancestral  form,  of  which  the  Sipkonuta  larva 
ia  l)i«  eipreseion.  In  opposition  to  this  hypothesiii  of  the  diphyletic  de- 
rivation ot  the  Siphonopbora,  Cum  baa  contended  that  tbe  octoradial 
lliwxmula-Btage  is  probably  preceded  in  the  development  of  the  Por- 
pitidai  and  Vellelidw  by  a  bilateral  Siphonula- stage.  Young  Itatarim 
(larrw  of  Tellelidie),  atill  with  a  simple,  unchambered  pneuniatophore, 
cxlubited  four  bilaterally  arranged  tentacles,  tor  a  larger  tentacle  and 
K. B.  E.  a 
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three  smaller  onts  amnged  Bymiiictrii»tlj  were  In  b*  noliwd.  Th6 
lUlariw  dte  clirtraclariMd  by  the  poHsetuion  of  a  Mil  which  lUndB  v»r. 
tioall;  on  thn  u]ipvx  aarfaee  of  the  elliptical  iliso,  md  lh«  bKiw  of  which 
origiDkll;  occuiiiex  lbs  diiection  of  the  IbOR  sits  of  Iliv  ilW.  m>  that  io 
Keneral  the  KaldriD-  poasew  ■  biraitial  stiucture.  It  in  only  in  labaa- 
■luentilAges  that  the  Miiphitectal<kliiiors>lia1)  tun d ■mental  (una  of  the 
Vellelidw  is  lirouKht  oat  by  the  aaU  tumiD);  at  an  anKl«  ot  (oityHvH 
ilBRreea  to  the  above -mentioned  axiH.  hi  that  it  btanda  <tia(jonally. 

.)  have  atill  Io  add  something 
on  the  iwB  of  |;rowth  of  Sipho- 
nophofv  stoclcB.  In  those  fomin 
which  1^  cbai-a(.-t«rie«<l  by  an 
dongdMiii  Btetn,  the  different  indi- 
vidaals  do  not  bud  on  the  eutito 
cironmfei-enno,  bat  on);  aloDfr  a 
lonj^tQdinal  line  (Pig.  2)j).  Sinee 
tlie  wall  of  the  Btcm  t^xhibita  a 
diSereut  etmc-lnre  nlung  this  line. 
n  cross-section  of  the  Ktfm  pre- 
sents a  bilaterHlly  symiiietrifal 
armiiKPim;nt.  Tliat  side  of  the 
fiii'm  fniin  which  the  individusU 
lind  IN  kririn'ti  as  the  ventral  liiU 
(Cr.Ars).  The  fact  that  the  indi- 
viilnHls  n{  the  stem  nppenr  to  be 

snltB  fi'ora  n  spiral  tnistinRof  the 
Ptem,  by  which,  for  example,  the 

HDd  dici.rini'  oidi  beionRing  u>  biserial  or  mnltiserial  arrange- 
iho  gronp  of  .n<iividu,i,  of  ih>  .„t     f  the  necfocalvces  on  the 

flnlpnlypitci    r,  hyilrophUliiim  ;  -' 

«.  budi(iiin:ux:Bircei>l  nf  tLig  n«r-      ncctusonie   is  brought   about.      It 

1^n"*ifth.''.!w™ "' "" '"'"'  """  •'''""■"  ^y  ^^''^*  ^^°-  ^'^^ 

that  in  the  Pbysophorida;  the 
Hini-al  twisting  of  the  nectosome  takes  place  in  the  opposite 
dii-ection  to  that  of  the  lower  portion  of  the  stem. 

As  appeat-s  from  Fig.  28,  a  budding  point  for  the  iodi- 
viduals  of  the  neutosomc  is  foand  at  the  upper  end  of  the 
stem.  Another  budding  point,  at  the  base  of  the  necto- 
Home,  supplies  in  general  the  beds  for  the  rons  of  individiials 
ot  the  stem.     Accordingly  those  groups  of  individnala  which 
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He  at  the  lowermost  end  of  the  stem  are  the  oldesf.  In 
nearly  all  of  the  CaljcophoridnB  and  some  of  the  Physo- 
phoridaa  (Apolemia)  the  individuals  of  the  stem  are 
arranged  in  definite  prronps  (cormtdia),  which  are  separated 
from  one  another  by  free  portions  of  the  stem  (internodes). 
In  many  other  forma»  on  the  other  hand, 
the  limits  of  the  Racce88t¥e  internodes  are 
indicated  merely  by  the  attachment  of  the 
polypi tes  with  their  tentacles  (Fig.  29  A, 
By  C7,  D),  whereas  the  parts  of  the  st-em 
lying  between  the  polypi  tes  are  occupied 
by  groups  of  individnals  (consisting  of  hy- 
drophyllia,  dactylozooids,  and  gonophores). 
(In  the  accompanying  figure,  for  the  sake 
of  simplicity,  instead  of  these  groups  of 
individuals,  only  their  dactylozooids  are 
indicated.)  Here  the  law  that  gi*owth  pro- 
gresses uniformly  from  above  downwards 
applies  only  to  the  polypites  (A,  27,  0,  D), 
whereas  each  interuode  presents  its  own 
zone  of  growth  for  the  groups  of  indivi- 
duals (a,  6,  c,  d)  belonging  to  it,  for  which 
in  turn  the  uppermost  end  of  the  internode 
must  be  looked  upon  as  the  budding  point, 
so  that  likewise  in  the  series  of  groups  of 
individuals  in  each  single  internode  the 
lowermost  (a)  is  the  oldest.  Each  inter- 
node of  the  stem  is  divided  by  these  groups 
of  individuals  into  internodes  of  the  second 
order  (Aa,  abf  be,  cd  .  .  .);  and  each  such 
internode  of  the  second  order  may,  in  the 
further  growth  of  the  stem,  become  a  zone 
of  growth  for  a  series  of  new  groups  of  in- 
dividuals (a,  p,  y  .  .  .)  (Chun,  No.  67). 
For  the  other  groups  [of  Physophoridae] 
the  details  of  the  laws  of  budding  are  as 
yet  little  known.  In  the  Vellelidse  the  for- 
mation of  the  individuals  takes  place  in 
ooncentrically  arranged  circles. 
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Fio.  29.— Dia>?ram 
of  Chuh'b  law  of 
badding  of  the 
groups  of  indivi- 
duals on  the  stem 
of  HalUtemma.  In 
place  of  the  g^roups 
of  Individuals  only 
the  corresponding 
dactyl  OEOdids  are 
shown. 


Calycophoridss. — The  devdupmeut  of  Kpibniia  aaran- 
tiaca(fiiniiljof  the  Diphyidffij.wliioh  litis  been  very  Hceamtoly 
followed  by  MKTSCiisiiiOKF  (No.  l.Sj,  will  bo  described  an  the 
ijt<c.  The  iivate  planula  larra  exhibitx  a  thicbentngr  of  the 
ectoderm  at  thti  paatpHor  pole  and  im  one  side  (the  Babae< 
i|iieiit  ventral  side).  Hero  the  fundaments  of  th«  first 
iiectocaljx  (Fig.  30  Jl.  nc)  and  of  the  tentacle  (,Vig,  30  B,  t) 
are  developed.  The  former  is  developed  by  the  invagination 
of  a  Holid  biid-nuoleuM  ( Kiw-i-^iikeni).  in  which  the  cavity 
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of  the  Iwll  in  soon  formed  ;  the  fundamcut  of  the  tentacle 
at  linit  conNistK  of  a  simpli!  invagination  of  the  body-wall, 
in  which  two  layers  take  part,  the  development  of  an 
eetodermic  layer  (Fig.  30  B,  hj)  along  the  ventral  Mid«,  eon- 
BiBting  of  sniall  cells,  having  already  taken  place  at  thia 
atage.  The  next  important  change  consists  in  the  eatabliab- 
ment  of  the   gas tro vascular  cavity  (Fig.    30  C),  which    u 


I 


correlated  with  tlie  diaaiipeftiatife  of  the  nnti-itive  cella.  By 
means  of  it  the  posterior  pnrt  of  the  larvnl  body  (Fig-  30  C, 
po)  is  chftracterized  as  the  fondnment  of  the  first  polypite, 
whereaB  the  nppev  dorsal  port  is  retaioed  for  a  considerable 
time  as  an  embryonal  remnant,  whioh  gradaally  diminishen 
und  is  converted  into  the  stem  (like  the  yolk-mass  of  Iho 


. ;  po,  |Hlljplt«;  ' 


Ajptlmidip).  At  the  same  time  the  funilament  of  the  necto- 
calyit  (Fig.  30  C.  we)  has  miide  consideriible  progress.  The 
liollow  core  of  the  bnd  is  enveloped  by  a  Iftyer  of  entoderm 
(Ay),  into  which  a  part  of  the  gastrovascular  cavity  is  pi-o- 
longed  as  the  fundament  of  the  vessels  of  the  bell.  Another 
entodermivl  process  (Fig.  SO  C,  so)  becomes  the  so-called 
somatocyst  {Saflbekdtl^).     Between  the  entoderm  and   the 
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outer  ectuJerm  mcHo^laea  hue  been  sect-eted.  In  general 
the  development  of  the  nettocalfx  ta  qaitc  like  liiu  boddinK 
of  a  Hj'di-oriiciluKii  described  above  (p.  43).  On  the  fuudn- 
ment  of  the  tentacle  {t)  the  indiTidnnl  nettling  tnberclwi 
can  be  seen  developing  aa  secondary' evKiginht inns  (Kig.  110  C). 
The  furtlier  ehangea  (Fig.  -Uj  congiat  in  a  conHiderable 
enlai-f^ement  of  the  first  neclnuAlrx,  which  now,  after  the 
rcduotion    of  the  i»  tho   most  voluiuinoaH 

structure    of  the  ,  The  jwlypite    (pv)    nuw 

acquires  its  pet-maneut  ku'u  the  breaking  through  of 

the  month  at  itg  dia        ei  the  l«iitaclu  (f),  in  thU 

caae   persistiiiff  (not    lai  is   its  cumplelo   develop- 

ment.    Of  inierest  ii  rice  of  new  buds  on  ibo 

rudiment  at  the  stem,    «.  that  nf  a  hjdruphillium 

(Fig.  :U  hph),  with  the  de  it  of  which  in  eautbliithtHl 

the  first  group  of  individuaiB  (eormidium)  of  the  ■lahiK'- 
quentlj'  elongated  ateni — consisting  of  ft  pnlypite,  a  dai!tjto< 
zodid.  and  hjditiphillinm — which  is  aftorwards  devcldped  into 
the  Eudoxia.  At  the  Kame  time  we  see  two  smaller  bads 
arising,  one  of  which  must  be  conBidered  as  the  second 
nectocalj-x  (Fig.  31  i.c),  whereas  (i-om  the  other  the  elements 
of  the  second  group  of  individuals  of  the  stem  bud  forth. 

In  Lhe  KluRe  ?!«.  30  II.  which  in  Fig,  30  L'  and  Fig.  31  undergoes  its 
further  ilevelopnient,  ie  shown  u  larval  Bta|{e  exceedingly  chorftctenetic 
III  the  Calycophoritle.  which  has  been  iltBignsied  b;  HifcuEL  as  the 
C'l'iiciHtuf",  and  which  represents  et^sentially  the  Sipfumula-itajt  of  the 
tnli/eapltvridir.  Haechel  (No.  70)  regards  this  stage  as  an  individual  ol 
lhe  second  degree  (peraon).  and  recognizes  in  ita  component  parts  the 
constituent  organs  t>(  an  Anthotuedusa,  which  here  present  a  remark- 
able dislocation.  For  if  the  neclocalyx  correeponde  to  the  umbrella  and 
the  gwlypite  to  the  manubrium  of  the  medusa,  then  it  is  evident  that  the 
[wlypite  is  here  attached  to  the  ex-unibrellar  side  of  the  medusa-bell. 
HuEiKEL  explains  lliis  dislocation  by  the  assumption  of  a  ventral  Bsaure 
ill  (be  umbrella  of  the  ancestral  (orms.  through  wliich  a  gradual  emignt' 
tion  of  the  manubrium  wa"  possible.  Furthermore  the  only  marginal 
tentacle  of  the  medusa  preHent  has  moved  from  the  margin  of  tlie 
nectocalyx  to  the  base  of  the  polypite. 

The  assumption  that  the  Siphonula  thus  characterized  actually  corre- 
t^l>onds  to  au  ancestral  form  acquires  an  apparent  support  from  the 
circumstance  that  the  same  ty]>o  ol  fonn  is  found  again  in  the  groups  o( 
individuals  of  the  stem  {curmidi-ij.     For  the  individuals  of  the  stem  in 
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the  Calycophoridc  are  anited  into  groops  and  separated  by  interrak  of 
the  stem  {inUmodet).    They  bod  in  soch  a  way  that  the  group  of  indi- 
viduals (cormidium)  occurring  at  the  lowermost  end  of  the  stem  is  the 
oldest.    In  many  cases  (Polyphyidc,  Desmophyids,  Praya,  Oaleolaria, 
etc.)  the  groups  of  individuals,  even   if  they  produce  sexual   products, 
remain  united  with  the  entire  oorm.    In  most  of  the  Diphyids,  on  the 
contrary,  the  oldest  cormidia  separate  from  the  parent  stock  before  they 
arrive  at  sexual  maturity,  and  either  as  Eudoxic  or  Erscse  lead  an 
independent  life.    In  this  way  a  kind  of   alternation  of  generations  is 
brought  about,  since  the  parent  stock  does  not  itself  produce  sexual 
products,  but  separates  into  secondary  stocks,  which  do  not  reach  sexual 
maturity  until  later  on.     Such    a    detached    Eudoxia  group  (so  the 
cormidia  have  usually  been  called)  consists  of  a  polypite  with  tentacles, 
a  hydrophillium,  and  a  gonophore  which  develops  the  sexual  products  in 
its  manubrium,  and  at  the  same  time  by  the  rhythmical  contractions  of 
its  swimming    sack  produces  the  locomotion  of  the  detached  Eudoxia. 
Uaeckel  explains  the  hydrophillium,  the  polypite,  and  the  tentacles  as 
the   constituent    parts    of  a    sterile    person,    in  which    the  bilaterally 
symmetrical  hydrophillium  would  represent  the  umbrella  of  the  medusa. 
The    Eudoxia  cormidium  would  accordingly  in  the  simplest  case  be 
composed  of  two  persons  :  a  sterile  one  and  a  fertile  one  (the  gonophore 
or  sexual  bell).     It  is  to  be  observed  that  the  two  persons  named  would 
represent  two  essentially  heteromorphous  medusie  of   the  same  corm. 
Whereas  the  sterile  person  exhibits  a  bilaterally  symmetrical  structure 
and  the  above-mentioned  dislocation  of  the  parts,  nothing  of  this  kind 
can  be  recognized  in  the  fertile  person.     The  Btructure  here  is  that  of  an 
ordinary  quadriradial  Anthomedusa,  and  the  manubrium  has  retained  its 
usual  place. 

Lbucxabt  and  Oeoenbaub  have  shown  that  in  various  Eudoxise  the 
gonophore,  after  the  discharge  of  its  sexual  products,  is  replaced  by  the 
outgrowth  of  a  new  gonophore,  and  Chun  showed  it  to  be  probable  that 
in  all  EudoxifB  a  quite  regular  replacement  of  the  gonophores  takes 
place,  so  that  each  Eudoxia  has  quite  a  number  of  gonophores  developed 
one  after  another.  Now  let  us  imagine  that  the  first  one  of  these 
gonophores  remains  sterile,  functioning  merely  as  an  organ  of  locomo- 
tion ;  that  would  lead  to  the  form  of  the  ErsaBffi  (in  Haeckel's  sense). 
As  Erseie  are  designated  the  cormidia  which  bud  on  the  stem  of 
Lilyopsis  and  Diphyopsis,  and  which,  in  addition  to  the  parts  described 
for  the  Eudoxiie,  possess  a  so-called  special  swimming  bell,  so  that 
these  eormidia,  according  to  Haeckel's  interpretation,  embrace  at  least 
three  persons,  two  sterile  and  one  fertile. 

The  different  parts'of  the  nectosome  are  also  subject  to  a  quite  similar 
replacement  by  supervening  buds.  Even  in  the  DiphyidaB  the  two  necto- 
calyoes  are  not  retained  throughout  life.  Leuckabt  had  already  observed 
the  presence  of  two  to  three  bud-like  supplementary  bells  in  Epibulia,  and 
Chun  showed  that  the  nectocalyces  of  the  Diphyidie  are  subject  to  a  con- 
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Btant   replace, 

replacement  h 

~i>  I'laya  &  oonsitlerAble  roI«,  as  we  Nhall   «m  lUrectlj. 

ill   the  metaiu, 

rplio^is  of  the  Caljoophoridm. 

The  metar 

I'liphnHiB  of  the  Cnlycoplioridffi  baa  been  miwie 

known  chiel 

y  Uiroogli  tlio  investipatiiinu  of  CiiCS  (No.  54). 

Tliese  refer 

piiiidpaUy  to  the  development  of  tbe   Mono- 

phyida;,   i.e. 

iliose  forms   wliioh   are   ohuiwleri^eil    by  the 

II  Hinj^te  nectoeslyx  ou  tlie  nectoeome.  In  n 
ijinnll  Mcinc}|>hyi(l  oaEied  by  Ciwx  Mnggiiea  Kocliii,  and 
cimrat'terize,!  Iiy  iU  tail  penlu^nnnl  net'toi.*alyx,  Chl'K  wua 
able  to  provi'  I  hut  tbe  larvsi  nrtsiiig  from  tbe  e^^  at  first 
possess  a  quiif  ijifferently  shaped,  cap-like  nectoculyx.  By 
tbe  casting  ofF  of  thu  primai-y  pmx-isional  noctocniyx  nnJ 
its  replacement  by  tbe  permanent  heteromorphoiia  one, 
these  larvie,  ilenignated  as  Maoopfayee  primnrdialis,  pass  into 
the  Muggin-a  furm,  from  the  stem  of  which  tbo  gruapfl  of 
individuals  atHexual  maturity  detach  themselves  m  Kiidoiia 
Kschscboltzii. 

Chinee  Ciii'N  lias  recently  been  able  to  prove  the  presence 
of  these  primary,  hetcromorphous,  deciduous  nectocalyces 
in  tbe  case  of  the  Polyphyida;,  it  may  be  considered  probable 
that  siicb  nectocalyces  also  I>elang  to  tbe  larval  stages  of  all 
t'ulycophoriila'.  According  to  Ciil'n's  theory,  which  Haeckki. 
b:is  adopted,  the  fundament  of  the  pneumatopbore  in  the 
I'bysopboridtE  wimid  be  homologous  to  the  deciduous,  pri- 
mary ncctocalys  of  the  ('alycophondo;. 

General  Considerations.— As  regai-ds  the  derivation  of 
the  Siphonophora,  there  are  at  pi'csent  two  views,  as  yet 
diivctly  o[iposed  to  each  other,  underlying  both  of  which  is 
the  conception  that  llic  Siphonopboro  is  a  polymorphous 
animal  stock  that  boA  arisen  by  budding,  lint  while  some 
authors  (Lkickakt,  Clals,  Ciiln)  assume  the  starting-point 
of  this  stock  to  be  a  floating  hydroid-polyp  stocklet,  which 
already  had  the  power  of  prodncing  medusie  (hydroid  theory), 
others  ([lALKoiii,  Haeckki.)  deiive  the  Siphonopbore  from  a 
medusa,  which,  by  the  budding  of  its  manubrium  (like  Sarsia 
or  Hybocodun),  was  able  to  pi-odnce  new  medusa:  {medttta 
Ihfiiiy),  Tbe  former  authors  accordingly  have  two  funda- 
niental  foimis  fi^tni  which  they  are  able  to  derive  the  maui- 
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fold  parts  of  the  Siphonophore  body.  They  can  consider 
certain  parts  (polypites,  dactylozooids,  etc.)  as  metamorphosed 
polypoid  individuals,  other  parts  (nectocalyces,  hydrophillia, 
gonophores)  as  metamorphosed  medasoid  individaals,  which 
remain  united  with  the  colony.  The  adherents  of  the  medusa 
theory,  on  the  other  hand,  have  at  their  disposal  only  the 
hydroid  medusa  as  a  fundamental  form  for  the  derivation  of 
all  the  numerous  polymorphous  parts  of  the  Siphonophore 
organism,  for  only  new  medusse  can  ever  be  produced  from 
a  medusa  by  budding.  Since  by  this  explanation  the  poly- 
pites are  homologized  with  the  manubria,  and  the  tentacles 
with  the  marginal  tentacles  of  a  medusa,  the  adherents  of 
this  theory  find  it  necessary  to  assume  an  ancestral  form  in 
which  the  medusa  exhibited  a  bilaterally  symmetrical 
structure,  while  a  single  tentacle  was  advanced  to  the  base 
of  the  manubrium,  and  both  these  parts  had  emerged  upon 
the  ex-umbrellar  side  of  the  medusa-bell  through  a  fissure  in 
the  umbrella — conditions  which,  as  a  matter  of  fact,  do  not 
exist  in  any  Hydromedusa.  As  a  further  consequence  the 
partisans  of  the  medusa  theory  must  assume  the  possibility 
of  a  considerable  dislocation  of  these  different  primary 
organs  and  an  extensive  capacity  of  the  individuals  to 
multiply  different  organs.  With  all  these  assumptions, 
there  arise  certain  difficulties  which  are  not  encountered  in 
the  hydroid  theory.' 

Even  if  the  ancestral  form  of  the  Siphonophora  assumed 
by  the  medusa  theory,  and  descnbed  above  (which  is  re- 
capitulated in  ontogeny  by  the  Siphonula-stage  and  by  the 
sterile  person  of  the  EudoxisB),  were  to  be  derived  from 
bilaterally  symmetrical  Anthomedusos  with  only  one  marginal 
tentacle  (for  example,  from  the  Hybocodon  belonging  to 
Corymorpha),  it  would  still  be  difficult  to  point  out  in  any 
way  the  causes  for  the  appearance  of  the  fissure  in  the 
umbrella  and  the  described  dislocation  of  the  organs.  The 
difficulty  is  increased  by  the  circumstance  that  these  cha- 
racters are  lacking  in  the  sexual  individuals  of  the  Siphono- 

^  It  should  be  stated  that  recently  Hatschek  {Lehrhu4:h  der  Zoologie) 
has  introduced  modifications  into  Haeckel'b  medusa  theory,  by  means  of 
which  a  part  of  these  difficulties  seem  to  be  set  aside. 


phnra,  so  tliiii  in  pnrauaiict!  of  the  ine<luBa  theory,  W9  kto 
required  to  <lii<tiu^niHh  in  the  Sipbouophor&  two  tiigiily 
heteromorpljiiiiK  gcnei-atioiis,  the  flrst,  pi-oduced  from  tb« 
e^,  constiiiitcii  npon  the  Siphoimla  type,  and  reproducinft 
by  boddinf;  only,  the  aeouud  a  geuei-atiuu  of  fertile  iodi- 
vidnals  not  liilntenilly  symiuetrioul,  and  without  dislocation 
of  the  primiiry  organ.  Still  Hbarper,  perhapa,  in  the  contrast 
between  the  DisiMnula  of  the  Vellelidie,  which  in  i-eferred 
by  Haeckki,  Ui  certain  TrachomeduBnt,  and  the  Etructnre  of 
the  Chrysoiiiiti-as. 

On  thoithei-  hand,  for  the  hydroid  thwry  llinrt;  i*  tlie 
difRciilty  of  ('x  plaining  how  atirmly  attached  hydivid  stooklet 
could  detarli  i<^elf  and  become  metatnorp hosed  into  a  froe* 
moving,  pehiirii:  organism.  If,  however,  we  aMamo  that  m 
liydroid  filnc^klet  attached  itaulE  by  meaua  of  a  broadcnwd 
banal  plate  to  (he  surface  of  the  water,  instead  of  to  a  fiiwl 
body,  as  mny  ofcasiinially  be  observed  in  the  Scy  phi  stoma*, 
nnd  aGquiruJuiKiorfavourublecircamsUutMwthupowor  to  live 
on  in  this  condition,  then  with  this  conception  the  transition 
from  the  attached  to  the  free  mode  of  life  is  brooght  abont 
by  a  Heating  at  the  surface  of  the  water,  a  form  of  locomotion 
which  bait  been  retnined  in  Physaba  and  Vellela.  Nay,  we 
need  only  to  conceive  that  the  flattened  basal  part  of  the 
stem,  which  attached  itself  to  the  under-surface  of  the  wat#r, 
cnrvcd  inwards  like  a  canoe,  and  finally  became,  with  its  peri- 
Hai'C-covered  face,  completely  invaginated,'  in  order  thaa  to 
make  the  phylogenetic  origin  of  the  pneiimatophoro  conceiv- 
iible,  and  to  support  this  conception  by  the  consideration 
that  such  a  course  of  development  must  have  been  constantly 
accompanied  by  certain  advantages  to  the  entire  colony. 
Not  until  after  the  development  of  this  hydrostatic  apparatus 
would  a  separation  from  the  snrface  of  the  water  and  a 
dericeiit  into  greater  depths  become  poSflible.  The  pneuma- 
tophore  would  accordingly  be  the  firet,  most  primitive  organ 
by  the  development  of  which  the  characteristic  peculiarities 

'  II  hnn  actually  W«n  obB^rved  in  the  planula  ot  variongCnidkria  that 
lli«  [uttirp  [Himt  ol  ultachmenl,  which  has  undergone  glandulKr  altenlion. 
in  more  or  ie»i   in\aKinBt«il.  an  in  the  ScyphoiueduBOj  and  in  Kulinia 
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of  the  Siphonophore  organism  were  established.  We  might 
perhaps  be  led  by  such  considerations  to  recognize  in  those 
forms  with  a  persistent  apical  stigma  (Rhizophjsas,  Physa- 
lias)  the  most  primitive  of  the  now  existing  Siphonophores. 

In  this  proposed  hypothesis  of  the  derivation  of  the  pneumatophore  we 
are  opposed  to  the  conception,  shared  in  by  most  investigators  (comp. 
p.  72*,  that  it  is  a  modified  medusa-bell.  The  latter  view  is  founded 
partly  on  the  structure  of  the  fully  developed  pneumatophore  and  partly 
on  its  development.  Even  though  the  spaces  of  the  gastrovascular 
system  in  the  vicinity  of  the  pneumatophore,  divided  as  they  are  by 
septa,  challenge  a  comparison  with  the  radial  canals  of  a  medusa,  and 
even  though  the  bud-like  fundament  of  the  pneumatophore  is  uncommonly 
like  a  medusa  bud,  as  has  been  stated  by  Metschnikoff  (pp.  62,  63),  these 
resemblances  do  not  appear  to  us  to  present  proofs  of  a  compulsory 
nature,  the  more  so  since  the  transition  from  a  medusa  into  a  hydrostatic 
organ  involves  a  change  of  function  that  is  somewhat  difficult  to  compre- 
hend. According  to  our  way  of  looking  at  it,  on  the  contrary,  the  apical 
position  of  the  pneumatophore,  sunk  into  the  uppermost  end  of  the  stem, 
and  its  early  appearance  in  the  ontogeny  of  many  forms,  are  most  easily 
explained. 

According  to  our  notion,  the  pneumatophore  would  be  the  most  primi- 
tive locomotor  organ  of  the  Siphonophora,  to  which  a  nectosome  would 
be  added  only  secondarily.  Accordingly  the  Physophoridfe  would  repre- 
sent the  more  primitive  forms,  and  the  Calycophoridee  derived  forms, 
with  divergent  development  caused  by  the  loss  of  the  pneumatophore 
and  the  in  part  higher  differentiation  of  the  nectocalyces.  Among  the 
PhysonectfB  (Haeckel)  the  Apolemidaa,  the  nectosome  of  which  is  still 
provided  with  heteromorphous  individuals,  would  perhaps  represent  the 
most  primitive  branch.  Opposed  to  this  theory,  however,  is  the  fact  that 
histologically  the  CalycophoridsB  exhibit  the  simplest  conditions  (Korot- 
neff)  ;  but  these  might  have  been  simplified  secondarily. 

When  with  the  above  statements  we  adopt  the  hydroid 
theory  founded  by  Lkuckart,  it  is  hereby  to  be  understood 
that,  according  to  our  point  of  view,  the  existing  facts  are 
moHt  easily  explained  by  this  theory.  Nevertheless  we  can 
as  yet  ascribe  even  to  it  only  a  certain  degree  of  proba- 
bility. 

II.  ANTHOZOA. 

Alcyonaria. — The  sexual  products  of  the  Anthozoa,  which 
arise  from  the  entoderm  (Hertwig,  No.  9),  undergo  the 
process  of  ripening  in  sexual  organs  which  belong  to  the 
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mfsenten'al  Kt[)(ii.  It  is  here  iilso  lliat  tlie  eii!?s  in  most 
cases  nra  fret  llized,  and  fivnoeiitly  undergo  the  first.  Htn^os 
of  developiiifiit,  viz.,  clenvi^e  and  Uie  funntitioii  of  » 
sphci-oidal  cinbrj-o  (.-nusistin^  iif  twn  ^i-in-layen.  Tho 
embryo  is  n f Utwardg  set  ft-ee  in  thi*  puit:-!!!  cavity  of  the 
parent,  from  wliich  it  in  ejected  lliroiij(h  the  innuth-(tp«nit))r, 
iisnally  in  ilu>  stage  o(  a  ciliated  planulii.  Wliilo  thus  many 
Alcyonaria  aiv  viviparona,  cases  have  also  been  observwl  in 
which  the  P2a^,  either  nnfertilixed  or  immediately  Hftsr 
fertilixiktion  ]i;is  taken  plaoe.aro  extrnded  through  the  month- 
oponing  of  tlie  parent,  either  singly  or  united  info  Ifirgn 
masses  by  meiina  of  a  slimy  substance  {Alcyoninm,  ItrnilU, 
Clavularia  ct-u^sa). 

The  early  development  of  the  Alcyonans  ha*  becoinn 
known  chiftiy  throngh  Laca2I-I>( THtKiiK  (No.  Blj',  Coralliom). 
KnwA(.KvsKv  (No.  10,  Alcyonium,  Gorgouia),  v,  Koi;h  (No. 
«t>,  Gorgonin).  E.  B.  W1L8OS  (No.  98,  IteiiilU),  and  Ki.HA- 
i.KvsKV  KT  Makios  (No.  87,  ClaTnlaria,  Sympodinm]. 

The  ripe  ep^  of  the  Alcyonaria  is  usually  rather  rich  iti 
(frannlps  of  food-yolk,  which,  mixed  with  oil  drops,  is  accn- 
iriulated  especially  in  the  inner  pai-ts,  so  that  in  certain  cases 
there  is  a  sharp  sepai-ation  of  a  finely  granular  ectoplasm 
fi-om  an  endoplasm  rich  in  food-yolk.  Cleavage  has  been  quite 
variously  described  for  the  forms  so  far  observed  ;  in  fact,  in 
Kcnilla  it  exhibits  remarkable  individual  variations.  In 
general  it  follows  the  total  and  equal  Ivpe,  and  finally  leads 
to  the  development  of  a  solid  so-called  morula-ilage,  consist- 
ing of  cells  more  or  less  uniform  in  size  and  exhibiting  even  at 
iin  early  stage  a  difference  between  the  more  finely  grannlar 
cells  of  the  superficinl  layer  and  the  coai'sety  granular 
ones  of  the  inner  mass.  An  interesting  moditication  of  the 
cleavage  process  is  met  with  fi-equently  in  Renilla,  and  con- 
stantly in  Clavulnria  crassa.  Here  a  multiplication  of  the 
cleavage  nuclei  Hrat  takes  place,  corresponding  to  which 
thei'o  is  only  an  indentation  of  the  surface,  not  a  real  cleav. 
age  of  the  egg.  This  does  not  take  place  until  there  are 
sixteen  cleavage  nuclei,  when  it  results  in  the  formation  of 
the  same  number  of  separate  blastomeres.  We  see  that  we 
here  have  to  do  with  a  variation  which  forms  a  transition 
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to  the  type  of  superKcial  cleavage,    which  is  wide-spread 
among  the  Arthropoda. 

In  general  the  cleavage  stages  of  the  Alcjonaria  are  characterized  by 
the  absence  of  the  cleavage  cavity.  Monoxenia  forms  an  exception. 
Here,  according  to  Haeckel  (No.  78),  there  are  produced  in  the  course  of  a 
very  regular  cleavage  a  typical  C(£loblastula-stage  and  a  gastrula  in- 
vaginata. 

In  the  morula  a  difference  can  early  be  recognized  (Fig. 
32  A)  between  a  superficial  cell-layer  (ectoderm)  and  an 
inner  cell-mass  (entoderm).  This  difference  becomes  moi'e 
marked  in  later  stages  (Fig.  32  B,  C),  The  ectoderm  cells 
by  progressive  division  are  metamorphosed  into  prismatic 
elements,  which  constitnte  a  columnar  epithelium  (Fig.  32 
C).  Those  of  the  inner  cells  lying  next  to  the  ectoderm  also 
arrange  themselves  (Fig.  32  C,  en)  into  an  epithelial  layer 
(the  permanent  entoderm),  wherpas  the  elements  lying  at 
the  centime  undergo  a  process  of  degeneration.  The  cell 
boundaries  here  become  indistinct ;  vacuolar  spaces  make 
their  appearance,  and  soon  coalesce  into  a  common  internal 
cavity  (the  beginning  of  the  gastral  cavity,  h)  ;  finally,  this 
entire  cell-mass  is  metamorphosed  by  fatty  degeneration  into 
a  kind  of  detritus  (d),  which  is  gradually  resorbed.  At  the 
same  time  a  fine,  structureless,  hyaline  membrane  (the  sus- 
tenrative  lamella)  is  secreted  between  the  ectoderm  and 
the  permanent  entoderm. 

While  these  internal  changes  are  taking  place,  the  body 
elongates  and  gradually  assumes  an  ovoid  or,  with  increasing 
length,  a  vermiform  shape,  and  its  surface  becomes  covered 
with  close-set  cilia;  thus  the  swarming  plariula-staye  is 
developed  (Fig.  32  /)).  The  planula  exhibits  a  somewhat 
broadened  (aboral)  end,  which  is  directed  forwards  during 
motion,  and  a  posterior  (oral),  more  pointed  pole.  At  the 
expiration  of  the  swarming  stage  the  larva  attaches  itself 
by  means  of  its  broadened  anterior  end  to  some  convenient 
support.  By  a  gradnal  shortening  in  the  direction  of  the 
longitudinal  axis  the  larva  passes  from  the  elongated  into 
a  low  placentiform  shape  (Fig.  33). 

At  about  the  same  time  with    the  attachment,  the  in- 
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VAginatioo  of  the  teti^kageal  tube  («/)  tiikeft  pince,  nnd  nlso  tbo 
formation  of  the  ei^ht  mesenterial  septa.  The  ceitopbKffu* 
arises  in  general  as  an  ecUiderraal  invagination  (Fig.  33), 
the  bottom  of  whioh  in  later  stages  bi-eaks  tbroogh  townnl 
the  gnstral  cavity,  thereby  establishing  tbe  inntr  nprnittg 
tif  Ihv  ats'iphagiis.  The  formation  of  the  mesenterial  septA 
is  referable  to  a  folding  of  the  entoderm,  in  which  the 
sustentative  lamella  also  takes  part.     It  seeois  that  in  the 


rig.  n.— SMfft  !d  tbe  dtTelopmcnt  n(  Simyaiini 
IT  HtuDi).  J  and  B,  clam-rntn  ■tane'i  C,  uib 
(n)and  Inner  nuu  of  dBtritD>(i).  la  whlcb  befclnninsi  of  the  f 


Altryouaria  all  the  eight  meBenterial  septa  al  nays  make  tbeir 
appearance  at  the  same  time.      As  regards  the    origin  of 
the  muactilatni-e    nf    the  septa,  espeeially  the  longitndiitml 
mnscles,  nnthors  agree  that  they  arinc  from  epithelio-mna-    I 
cnlai'  cells  (myoblasts)  of  the  tntuderm  lamella. 
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In  Benilla  the  oesophagus  is  developed  in  the  form  of  a  solid  ectodermal 
ingrowth,  in  which  a  fissure  makes  its  appearance  and  opens  to  the 
exterior,  whereas  the  development  of  the  inner  opening  of  the  oesophagus 
does  not  take  place  until  later. 


st 


Pi«.  33.— Attached    tXAg^  of   SympcHiium    coraXloiUt   (after   Kowalbtskt   xt 
^A^Bioir).    ^c,  ectoderm ;  fit,  entoderm;  cI,  cBsophagos. 

By  the  formation  of  the  mesenterial  septa  the  gristral 
space  is  separated  into  a  central  stomach  cavity  and  eight 
peripheral  gastral  pouches.  At  the  upper  ends  of  the  latter 
hollow,  bad-like  elevations  now  arise,  in  which  we  recognize 
the  earliest  fundaments  of  the  eight  (subsequently  pinnate) 
tentacles,  which  accordingly  owe  their  origin  to  simple 
evRginations  of  the  body-wall. 

The  development  of  the  septa,  the  formation  of  the  oeso- 
phagus, and  even  the  establishment  of  the  tentacles  may 
take  place  before  attachment.  In  general,  however,  the 
attachment  of  the  swarming  larva  precedes  the  formation 
of  these  organs.  By  means  of  the  developmental  processes 
mentioned  the  typical  structure  of  the  polyp  is  established. 
Daring  these  metamorphoses  important  changes  in  the  struc- 
ture of  the  ectoderm  take  place.  By  multiplication  of  the  cells 
this  layer  becomes  changed  into  a  multi-layered  epithelium. 
The  secretion  of  a  hyaline  gelatinous  substance  [mesogloea] 
now  takes  place  between  the  cells  of  the  deeper  layers, 
which  thus  lose  their  connection  with  one  another  and 
assume  more  and  more  spindle  or  stellate  shapes  (Fig.  34). 
Bj  these  processes  two  different  layers  arise  from  the 
primary  ectoderm :  a  superficial  one,  which  from  now  on 
preserves  the  name  of  ectoderm^  and  the  cells  of  which  have 
retained  the  enithelial  continuity,  and  a  lower  layer,  which 
assumes  more  and  more  the  character  of  a  gelatinous 
connective  tissue,  and  which  will  be  called  henceforth 
meBoderm.      This    layer    accordingly  is  a  product   of    the 
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ectoderm  <KiiWAi.EV8K¥  KT  M*itinN,  No.  8T),  In  it  arc 
secreted  th^.  tirst  ealcareoui  spicule*  [nrlm-ilpt)  (v.  KiXh.  Nob. 
82  and  «4,  Kiiwalkvbky).  TIipsc  arise  an  smuil,  highly 
refractive  hmliis  (»p)  within  the  mesodonnal  {>leine<nt«, 
which  i-eseiiiblc  migratory  cells,  where  they  soon  grow  into 
small  needlfs  hiiving  lateral  outgrowths.  Tfae  ectodermal 
axial  xkeli'iDii  of  the  Oorgonidie  aritiei)  later  than  these 
mesodermnl  [mitJt  of  the  akeleton.  It  ninst  bo  regarded  an 
-cretiou  of  tho  ectoderm  of  tin*  bnaal  foot-plate 
nd  at  its  first  appearantu  coufiiBlit  of  a  thin 
licle,  which  may  be  cmmfitired  to  the  ahcath 
Hiid  Clavalaria.  There  in  ouuii  uoticeable  oii 
itu  a  small  prominence,  which  graws  np  into 
tupoaed  of  concentrically  arranged  comeonn 
i'i;lL'nds  np  between  the  m<»enl4^Rl  Keptnof  the 
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primHry  iHilyp.  Thus  the  ectotlerm  of  the  foot-plat«  must 
be  correspoiiilingly  invaginated,  and  thns  it  comes  abont 
thill  ihc  axiitl  process  of  the  ectoskoleton  contained  within 
the  polyp  is  covered  by  a  continuous  ectodermal  lamella 
(the  axtnl  pjntkelium),  from  which  the  further  development 
of  thiH  part  of  the  skeleton  tiikes  place.  In  the  farther 
course  of  development,  during  the  progressive  growth  in 
length,  the  young  polyp  and  the  aiia!  skeleton  do  not  take 
the  sume  direction ;  the  latter  thereby  acquires  greater 
independence,  and  i-epresents  the  earliest  fundament  of  the 
whole  axial  skeleton  which  lies  at  the  foundation  of  the 
entire  colony  subsequently  produced  by  budding  (Fig.  36  B) 
(v.  KncH,  No.  86'). 
■  Un   the  other  hanJ.   Stcdeh   {Arch.  f.  tSatarj.  Jahrf.,   1687)   ha* 
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le  ph]r1n(;enetic  development  ot  this  axial  akeleloD  af  tha 
Oorgoniilic.  v.  Koch  (No.  85)  has  Eot  comparison  made  aim  ot  the 
inleresting  diacoveries  on  Oeiardia  (Antipalbaria,  Ueiaforallia).  These 
colonisB  ot  OeraidJB  (orm  flat  membranoid  coverings  ovi^r  Foreign 
bodies,  and  lor  this  purpose  eonunoiil;  aelect  the  axini  skeletan  of  dead 
OotKonidn  as  a  support.  A  [amellit  ot  horn,  which  coats  the  eapport. 
ia  Don,'  secreted  b;  the  ecladerm  ot  the  loner  surlace  ot  these  coloniea. 
The  lamella  sorrounds  the  bilie  of  the  Oorgonia  within  it  like  a  aheath. 
When  at  lenirtli  the  colony  of  the  Oerardia  by  ^owth  acguireB  an  axtent 
whiih  HtretchaB  bejond  the  limits  ot  the  original  support,  then  out- 
growtba  covered  with  young  polyps  are  produced,  into  which  extend 
homy  skeletal  processes,  produced  by  tha  common  basal  lamella,  but  no 
loager  eoclOBing  within  them  any  foreign  body.  It  is  seen  that  here  is 
produced  the  first  trace  of  an  indejiendent  tree  axial  Ekeleton,  while 
the  basal  plate  ot  the  skeleton,  which  in  the  higher  forms  is  much 
reduced  and  attached  to  a  torei|ni  sugiporl,  arises  from  the  basal  lamella. 


The  polyps  of  the  Alc^vonaria  pi-esent  a,  typical  bilaterallj 
■jnnnetricAl  strnctnre,  which  ta  evident  in  the  first  place 
from  the  position  of  the  longitudinal  maacles  iu  the  meeen- 
tuH&l  eepla,  Here  the  plane  of  symmetry  (Fig.  35  ah) 
pAHHes  through  two  unpaired  ehambera  (gasti-al  pooches), 
which  are  distinguished  from  each  other  by  the  fact  that 
the  two  septa  which  bound  the  vt^ilral  chamber  exhibit  the 
mttBcte  ridges  on  the  sides  which  ai-e  turned  toward  each 
other,  wherene  this  condition  is  reversed  in  the  dorsal  cham- 
ber. On  the  remaining  septa,  in  fact  on  all  the  septa,  the 
lon^tndiual    muscle  ridges  are  so  arranged  tliat  they  face 
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toward  the  vcnt.iiil  side  of  the  poljp,  whereas  the  surfaces  of 
the  septa  ^^llil')l  ;ire  without  lon^itudiiial  muscle  buuds  face 
toward  the  .lorsul  side.  The  bilateml  synnnetry  van  also  Iw 
recognized  liy  the  presence  of  a  ventral  ciliated  groove 
rnsning  alon)^'  the  laterally  compressed  o:«ophugns  (giphotw- 
id   above   all  by    the   condition  of  the 
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An  observation  by  Wilson  is  of  general  interest :  that  the  develiq>- 
oent  of  these  dorsal  lilnnientB  ie  retarded  in  the  lacr*  prodnoed  trom 
the  egg,  whereas  in  Ihe  bud  thej  acluall;  outBlrip  the  other  filamonts  in 
development.  Vliumn  explains  this  b;  the  condition!  of  nutritioD  in 
the  bud,  which  requires  a  powerful  upward  etresm  of  natritive  fltud  far 
ila  development. 

Of  the  various  kinds  of  non-sexual  reprodnction  in  the 
Alcyonaria,  bitdding  is  the  most  prevalent ;  by  ineaDB  of  it 
extensive  colonies  (etockt,  cormg)  are  developed,  owing  to 
the  fact  that  the  newly  arising  individnals  remain  nnited 
with  the  parent.  In  the  simpleNt  case  a  lateral  "  runner" 
arises  from  the  parent  animal  and  grows  out  at  its  end  into 
a  daughter  initividnal.  The  portion  remaining  between  the 
two  as  a  connective  is  called  a  stolon  (Fig.  36  j1).  These 
stolons,  isHuing  from  the  base  of  the  polyp,  may  form  a  net- 
work (Cornularia),  or  fuse  into  a  basal  plate  (Rhizoxenia). 
We  have  seen  above  (p.  81}  how,  owing  to  the  formatioD  of 
a  basal  skeletal  plate  upon  which  an  axial  skeleton  arises, 
the  dendritic  stocks  of  the  Goi-gonidie  can  be  derived  from 
HUL-h  flatly  extended  colonies  (Fig.  36  B).     In  other  cases 
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the  atoloDB  do  not  belong  exclosively  to  the  basal  part  of 
the  polypg,  but  wise  at  varions  levels.  Id  this  way  the 
peculiar  colony  of  Tnbipora  (Fig.  36  C)  arises  by  the  de- 
velopment of  atolonic  plates  in  higher  positiona,  from  which 
new  bnda  grow  out.  In  other  forma,  by  the  intimate  fusion 
Mid  irregalar  branching  of  the  stolons,  there  ia  developed  an 
intermediate  tiasae  (cteaenchyma)  travei-sed  by  namerons 
nutritive  canals  (Fig.  36  If),  which  nnites  the  different  indi- 
vidoals.  In  this  way  the  antler-like  colonies  of  Alcyonium 
are  developed,  and  by  the  formation  of  a  mesodermal  axial 
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skeleton  the  more  alender  forms,  sncb  as  Corallinm,  Scleor- 
gorgia,  Melithsa,  etc,  (v.  Kocii). 

The  development  of  colonies  by  badding  is  of  special 
interest  in  those  forms  in  which,  owing  to  the  regalar  orien- 
tation of  the  danghter  individuals  to  the  parent  polyp,  there 
19  established  a  r^ular  bilaterally  symmetrical  structure  of 
the  entire  colony  (Pennatala,  Renilla).  In  these  forms  a 
well-marked  polymorphism  of  the  individuals  ia  eithlbited, 
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iiiasmut'li  as  [loljps  wliich  bear  tentacles  and  Viccomo 
Besnallj^  mature  [antozooidii]  cun  be  distinguished  fmni 
Htenle  itidiriihmls  lackini;  tentacles  and  having  onlj  two 
septa,  till.*  hry.fjilled  ::oo\da  [siphuiiozooida],  whieii  provide  fur 
the  iDfl..n  111^'  ijf  the  water  (Wilson). 

The  duvulupiiieut  of  Itvnilla  lias  been  investi^tM  by 
K.  It.  W1L8ON  (No.  AR1.  Att&i;hment  is  hoi-e  suppn>&sed,  and 
by  the  invagiuatiaii  ua  and  the  development 

of  the  BeptA  and  teoi^  oduced  from  the  plftnn]a> 


hii'va  a  fi-ee-moving  polypoid  form  (Fig.  37  A),  which,  in 
view  of  the  development  of  the  colony,  can  be  called  ibe  axial 
iiiJiviJiial.  The  npper  poiiion  of  this  individaal  persists  as 
the  lenniual  polijp,  whereas  the  stem  of  the  entire  colony 
(rachu)  aud  its  lower  fi'ee  part,  the  $lalk  (peduncle),  arise 
from  its  middle  and  lower  poi-tiona.  We  may  also  retain  for 
Reiiilla  these  terms,  which  are  borrowed  from  the  Pennatn- 
lid(D,  bccanse  a  striking  similarity  between  these  two  fomu 
is  established  in  their  embryology.     The  eight  septa  of  the 
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axi&l  indiTidnal  are  developed  in  the  anterior  part  of  the 
polyp,  and  grow  from  in  front  backwards ;  nevertlieless  they 
are  restricted,  even  in  late  stages,  to  the  anterior  parte  of 
the  individual,  whereas  in  most  Alcyonaria  the  septa  extend 
as  far  as  the  posterior  end  of  the  body.  On  the  other  hand, 
another  wall  is  developed  in  Renilla  by  a  transverse  infotd- 


ing  of  the  entoderm  from  the  posterior  end  of  the  body,  tlio 
so-called  petJuneuZar  «epti(Tn,  by  means  of  which  the  gantral 
cavity  is  divided  into  a  ventral  and  a  dorsal  half.  The 
pednncnlar  septum  grows  from  behind  forwards;  and  since  it 
grows  more  actively  at  its  lateral  parts,  its  anterior  margin 
assumes  a  carved  form.  Between  the  two  entodermal  layers 
of  the  pednncnlar  septum  is  found  a  cell-mass  which  subse- 
qaently  degenerates,  and  which  is  apparently  homologoas  to 
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tlie  RkeletngenouB  layer  of  the  Pennatulidw.  bat  wliioh  i* 
said  by  Wu.sos  to  arise  from  the  entoderm. 

At  nn  ear!)-  period  tlie  hudditu]  of  the  daugliter  individuaU 
begins  ;  thesi'  ai-e  formed  Btriotly  iu  pairs  ou  the  doraal  side 
of  the  axial  iiidividoal  (Fig.  37  A,  p').  The  aLiooud  pair  of 
polyp  bads  arisea  immediateljr  behind  the  two  firat  onea, 
the  third  pair  in  front  of  and  sonewhat  vratmd  from  the 


iiiinsle  lollet^  y'.  p^,  polyi 


first  jwir,  the  foni-th  pair  in  the  angles  between  the  third 
pair  and  the  axia)  polyp  (Fig.  37  B,  p^,  p*,  p^,  p*).  The  bnds 
arise  separately  at  first,  but  snbse(|nently  their  basal  parts 
fiiwe.  The  individnals  that  have  arisen  in  this  way  verj 
suon  aasDme  a  radial  position ;  and  since  the  bads  that  appear 
Inter  Are  formed  in  alternating  positions  and  ventrad  to 
those  first  formed,  and  since  in  the  farther  conrae  of  de- 
velopment they  grow  so  actively  that  they  project  beyond 
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these  at  the  periphery,  it  follows  that  the  oldest  individaals 
are  more  and  more  crowded  toward  the  dorsal  side  (Fig.  38). 
The  terminal  polyp  also  shares  this  fate.  In  this  way  is 
developed  a  discoid  colony,  the  marginal  individaals  of  which 
are  the  youngest. 

The  zooids  are  formed  at  the  same  time  as  the  sexual 
polyps.  Even  immediately  after  the  appearance  of  the  first 
pair  of  polyp  bads,  a  large  terminal  zooid  (Fig.  37  z)  can  be 
recognized ;  this  functions  as  an  excurrent  opening,  and  is 
soon  followed  by  the  so-called  marginal  zooids  (mz),  arranged 
in  two  lateral  dorsal  rows,  while  dorsal  zooids  (dz)  make  their 
appearance  on  the  dorsal  side  of  each  of  the  individual 
polyps. 

As  far  as  the  development  of  Pennatula  is  at  present 
known,  it  is  strikingly  similar  to  that  of  Renilla.  Lacaze- 
DcTUiERS  (No.  90)  has  made  some  statements  on  the  earliest 
stages  of  Pteroides  (Pennatula)  griseum;  the  later  stages, 
relating  to  badding,  have  been  described  by  Jungersen  (No. 
81).  Here  also  we  find  lying  at  the  foundation  of  the  colony 
an  axial  individual  which  is  retained  for  a  considerable  time 
as  the  terminal  polyp,  and  on  the  sides  of  which  bud  forth 
the  daughter  individaals,  which  appear  in  pairs,  but  alter- 
nating with  one  another.  At  the  bases  of  these  lateral 
polyps,  that  are  the  first  to  appear,  and  in  positions  corre- 
sponding to  the  ventral  side  of  the  axial  individual,  new  buds 
continue  to  arise,  thereby  introducing  the  development  of 
the  pinnate  leaflets,  of  which  accordingly  the  dorsal  indi- 
vidual exhibiting  the  greatest  length  is  the  oldest.  On  the 
dorsal  side  of  the  axis  we  find  an  unpaired  terminal  zooid 
and  other  zooids  which  are  arranged  in  two  rows.  The 
lateral  zooids,  which  belong  to  the  ventral  surface,  are  not 
developed  until  later.  In  the  young  stages  the  terminal 
zooid  probably  functions  as  the  only  excurrent  opening.  In 
the  older  stages,  on  the  other  hand,  there  is  found  at  the 
npper  end  of  the  axis  a  group  of  apical  zooids,  among  which 
are  probably  to  be  found  the  terminal  zooid  and  the  degene- 
rated terminal  polyp,  as  well  as  the  adjoining  polyps,  these 
having  assumed  the  function  of  the  terminal  zooids. 

In  the  peduncular  septum,  which  here  also  divides  the  gas- 
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trie  space  of  tbe  axis  into  a  dorsal  and  veiilml  can»l.  there  is          1 

found  a  calearuooB  axis   (e<:todurniat  ncpordinp  to  V.  Kocn's            1 

conjectmcl,   wniroiinded  by   nn  nxial   epithelium,  and  two           1 

lateral  c&iiaU   lying  at  tlie  BideH  of   the  former,  which,  as           1 

nutritive  nr  s:ip  (.-anals,  belong  to  the  gttstru  vase  alar  Hyftt«m.              1 

From  ihf  tinbryologj  it  Hppei«.ra  that  the  older  nutliom           | 

have  emjiUiypd  (ho  .""~"i.i™.  '■-»" 

tral"  nod  "dorsal"  for 

the   Pcnn!itulu  col 

it«  Bonso  to  that  which 

isadmiHsil,l.<  ..coat 

■ation  of  the  axial  polvp 

(jL-«lGER8f:N). 

Zoantharia.— In 

i  caaen  fertilisation  and 

cleavage   taku  place  . 

en te rial  aepta,  and  the 

further  (iovL-l.-i.ment, 

complete  formation  of 

the  planiiln,   in  the  ■ 

of  the  parent,     in   thia 

atAge  tht?   JLirvie  are       ai  t. 

g\i  the  moath-opeuitqr> 

On  the  other  hand,   Ueriantnun  .. 

nbrnnacenM  and  Actinia 

parasitieii  (Ad^itnsia  Kondeletii),  aecMrding  t*t  Kowalevskt,              1 

eject  the  Mpaivii  ill  an  uimcgmontod  cuiiditiuii. 

Conaidemble  uncertainty  still  prevnila  regarding  the 
earliest  developmental  processes,  the  knowledge  of  which 
we  owe  chiefly  to  Kowai.kvskv  (No.  10),  Jodbdan  (No.  80). 
and  H.  V.  Wii.sos  (No.  99),  In  many  cases  cleavage  and 
the  differentiation  of  the  entoderm  seem  to  take  place  in 
connection  with  the  formation  of  a  solid  morula,  therefore 
in  A  manner  similar  to  that  which  has  been  described  for 
the  Alcvonaria.  At  least  there  is  in  support  of  this  Kowi. 
i.evsky's  observation  on  Actinia  parasitica  (Adamsia  Ronde- 
letii),  which  is  iJe.scnt>ed  in  the  following  manner:  "ClesT- 
ajfo  is  regular,  bat  as  the  result  of  it  there  arises  not  m 
blastodermic  vesicle,  but  only  an  aggregation  of  cells,  which 
becomes  covered  with  cilia,  and  swims  about  as  a  larva; 
subxequently  a  small  depression  is  formed  at  one  spot.  The 
opacity  of  the  ep^gs  made  a  further  parguit  of  the  develop- 
ment impossiblu."  The  author  is  convinced  that  the  ento- 
derm in  this  case  is  not  formed  by  invagination,  but  bj  a 
splitting  off  from  the  blastoderm,  as  in  the  Corallia.  In 
sections  through  ciliated  larvte  of  Astnea  KowaLBVSKV  found 
the  two  layers,  ectoderm  and  entoderm,  composed  of  cjlin- 
drical  cells,  and  an  inner  contained  mass,  which  had  obri- 
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ouslj  arisen  from  cells,  but  which  now  showed  that  it  was 
composed  of  nuclei  and  fat  spherules  only.  A  similar  struc- 
ture of  the  planula  is  also  described  for  Actinia  aurantiaca 
and  Balanophyllia  regia ;  Jourdan's  observations  show,  how- 
ever, that  from  the  presence  of  an  inner  mass  filling  up  the 
planula  we  are  not  at  all  justified  in  inferring  the  origin  of 
the  mass  from  a  solid  morula.  Balfour  refers  to  observa- 
tions of  Kleinenbero  according  to  which  the  cleavage  of  the 
Zoantharia  is  frequently  unequal ;  this  would  allow  one  to 
infer  the  formation  of  an  epibolic  gastrula.  Accordingly 
the  formation  of  the  entoderm  by  delamination  fix)m  a  solid 
morula  in  this  cae^e  still  appears  doubtful. 

In  another  series  of  cases  the  development  of  a  unilaminar 
ciliated  blastodermic  vesicle  has  been  observed,  from  which 
the  gastrula-stage  is  produced  by  invagination ;  thus  in  an 
edible  Actinian  from  Faro  (Messina),  closely  related  to 
Actinia  mesembryanthemum,  observed  by  Kowalevsky. 
Here  the  blastopore  does  not  close  completely,  but  is  directly 
converted  into  the  inner  opening  of  the  oesophagus,  while 
the  (esophagus,  lined  with  ectoderm,  is  developed  by  the  en- 
folding of  the  margins  of  the  mouth-opening.  In  Cerianthus 
also  the  formation  of  a  coeloblastula  and  an  invaginate  gas- 
trula following  total  unequal  cleavage  was  observed  by 
KowALKVSKT.     Probably  Caryophyllia  also  belongs  here. 

In  Actinia  equina,  according  to  Jourdan,  there  is  formed  a  typical  in- 
vaginate gastmla,  whose  gastral  cavity  is  at  first  completely  empty,  and 
whose  entodermal  cells  contain  but  little  food-yolk.  Nevertheless  the 
stomach  of  the  planula  larva  is  filled  with  coarse  yolk  granules  It  still 
remains  uncertain  whether  these  are  produced  by  secretion  or  by  the 
partial  disintegration  of  the  cells  of  the  entoderm. 

According  to  the  observations  of  H.  V.  Wilson  on  Manicina  areolata, 
first  a  coeloblastula  is  formed  by  total  cleavage.  Then,  by  the  transverse 
division  of  the  tall  cells  of  the  blastosphere— consequently  by  delamina- 
tion—coarsely  granular  cells  are  repeatedly  constricted  off,  and  finally 
fill  completely  the  cleavage  cavity.  While  the  ectoderm  becomes  some- 
what more  sharply  marked  off  from  the  inner  cell-mass,  the  oesophageal 
invagination  arises.  The  larva  now  becomes  covered  with  cilia  and 
swims  about.  The  permanent  entoderm  arises,  as  in  the  Alcyonaria, 
from  the  inner  cell-mass,  the  cells  lying  next  to  the  ectoderm  arranging 
themselves  into  an  epithelium,  while  the  central  mass  is  finally  resorbed. 

At  any  rate,  through-  these  various  processes  of  develop- 
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raent  there  nlu  nys  ariseti  the  same  larval  form,  with  identical 
stracttite  ii  biiamiuar,  thickly  cilintotl,  oval,  pyriforni  or 
more  elongattd  vermiforra  planula,  which  poBB«B<'ra  an 
ectoderm  cniiipoied  of  prismatic  or  columnar  cells,  an 
catodetmic  tpithelium  ootisistinf;  of  lar(;e  cubical  elements, 
»ud  a  h  jmoRi fi( 0U8  membrane  (aaat«titatire  lamella),  which 
if)  secreted  between  the  two  lavei-B  at  an  early  {>eriod.  The 
internul  cavity  of  .1  cavity)  is  in  moat  cases 

«till  tilled  with  mi  In  this  awarniinA:fna)te 

there  c^n  bo  recwfl  interior,  aboml  end  of  the 

body,  which  subs*  r  attachment,  and  is  fre- 

qaently  character  't  of  cilia  and  a  narrower 

posterior  end  ;  he:  i  is  formed  by  invagina- 

tion, and  at  its  ae,  'ommunicntion    with    tlii? 

Raatral   cavity   is  pr  irplion  of  the  cell*.     Th« 

farther  development  taices  piiu;o  j  incipallyby  the  formation 
of  the  meHenterial  septa,  the  tilaments,  the  tentacles,  and. 
finally,  in  the  Cm-allia  (MadreprHTii-ia),  the  ciilcatvtms 
skeleton. 

As  rcfirards  the  sequence  in  the  development  of  the  septa, 
the  views  expressed  by  M I i.Nt> Edwards  et  Haihe,  based 
chieSy  upon  the  condition  of  the  tentacles  and  calcareooa 
septa  of  the  adolt  animal,  were  formerly  generally  accepted. 
According  to  them,  first  six  primary  septa  are  simnltaneooety 
developed,  then  six  of  the  second  order  in  the  interspaces 
between  these,  then  twelve  septa  of  the  third  order,  twenty- 
four  septa  of  the  fourth  order,  and  so  on,  the  septa  of  each 
newly  appearing  cycle  being  interpolated,  as  was  maintained, 
between  those  already  present.  On  the  other  hand,  we  owe 
to  the  invoati(^tionH  of  Lacazk-Dl'tmiers  (No.  89)  the  know- 
ledge that  this  regular  arrangement,  which  is  based  on  the 
number  6,  is  a  secondary  one,  and  that  the  septa  of  a  cycle 
are  formed  at  different  times,  becoming  equalised  only  snt>- 
Hcquently.  Most  important  of  all  in  the  earliest  stages  is  ft 
well-marked  bilaterally  symmetrical  condition,  and  the 
stages  with  four  and  with  eight  septa  are  to  a  certain  ext«nt 
well  marked,  whereas  the  intermediate  stage,  with  ais 
primary  septa,  ia  a  very  transitory  one.  As  regards  details, 
the  statements  of  Lacaze-Dutuiers  on  the  seqaenoe  in  the 
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development  of  the  pairs  of  septa  first  to  appear  mnst  be 
modified  in  accordance  with  the  conjectures  of  O,  uni>  R. 
Hebtwiq  (No.  9),  which  have  been  confirmed  by  the  observa- 
tions of  H.  V.  Wilson  (No.  99)  and  others.  The  sequence  in 
the  development  of  the  different  pairs  of  primary  septa  is 
consequently  as  follows.  At  first  a  pair  of  septa  arises  which 
is  placed  nearly  at  right  angles  to  the  elongated  oral  fissure 
which  marks  the  plane  of  symmetry  (Fig.  40 1).  This  pair  of 
septa  is  formed  as  a  longitudinal  fold  of  the  entoderm,  inside 
of  which  there  extends  a  process  of  the  gelatinous  sustenta- 
tive  lamella.  By  the  development  of  this  first  pair  of  septa, 
which  lies  nearer  to  one  oral  angle  than  to  the  other,  the 
peripheral  part  of  the  gastral  cavity  is  separated  into  two 
gastral  pouches,  one  of  which  is  smaller  than  the  other.  By 
means  of  the  second  pair  of  septa  (Fig.  408)  the  larger  of  the 
two  pouches  is  separated  into  three  parts.  The  third  pair  of 
septa  is  developed  in  the  smaller  of  the  two  primary  gastral 
poaches,  and  divides  this  in  like  manner  into  three  part^, 
whereas  the  fourth  pair  of  septa  is  developed  in  the  unpaired 
pouch  which  is  enclosed  by  the  septa  No.  2  (Fig.  408  and  *), 
This  stage  with  four  pairs  of  septa  marks  a  kind  of  resting 
phase  in  the  development.  Up  to  this  time  the  septa  were 
always  established  in  pairs,  and  in  such  a  way  that  each  new 
pair  was  developed  in  one  and  the  same  gastral  chamber. 
For  the  pairs  which  now  follow,  Nos.  5  and  6,  the  statements 
of  H.  V.  Wilson  (No.  99)  and  A.  C.  Haddon  (No.  77)  agree 
with  those  of  Lacaze-Ddthiers  to  the  effect  that  they  take 
their  origin  in  the  two  pairs  of  chambers  which  lie  next  to  the 
pair  of  septa  first  formed.  Accordingly  the  septa  of  these 
two  pairs  would  make  their  appearance  independently  in  four 
different  gastral  pouches  (Fig.  40  B),  On  the  other  hand,  the 
brothers  Hertwio  (No.  9)  have  observed  in  Adamsia  diaphana 
another  mode  of  development  of  these  two  pairs  of  septa, 
both  of  which  here  arise  in  the  chambers  lying  between  septa 
1  and  2  (Fig.  41).  Accordingly  even  in  the  Hexactiniaa  alone 
different  conditions  seem  to  prevail  regarding  the  arrange- 
ment of  the  longitudinal  muscles  on  the  first  eight  septa 
and  the  development  of  the  fifth  and  sixth  pairs  of  septa.^ 

*■  [The  recent  inyestigations  of  Botebi  (No.  III.,  Appendix  to  Literature 
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The  tnelve  priianry  sopta  now  arrange  themgelvea  in  Btz 
paint,  each  of  which  cnclo^ies  an  irUrateptal  chamber  {Fig.  42). 
Two  pairs  of  aepta,  called  directive  tepta,  lying  opposite  to 
each  other  and  corrcf) ponding  in  position  to  the  anttW  of  the 
month  (Fiff.  42  •  and  ■),  bear  the  longitadinal  muscles  on  the 
nidns  which  are  turned  away  from  each  other,  all  other  pairs 
of  septa  on  the  sides  which  fneo  each  other.  The  eastmf 
ponch  Ijing  hetween  any  two  intraseptal  chftinhers  is  eallt^d 
an  ititerteplal  chamber.  New  septa  are  never  developed  in 
the  intraseptnl  chambers.  They  always  appear  in  pairs,  anil 
in  the  ioterseptal  chambers  and  in  rycles  Imsed 
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Fia.  W.— DIagrun  ft  [ha  ErUKtli  of  Ibc  i 
XitLieivi  cfwBlatM  iflth  Aiffht  TnHmLry  ■ap[a  tiiflrfi»cottea(>ftarH.  V,Wnjog|  j  I. 

nMoricnii  at  ibc  owopbw™!  tube  Itt*/-  U  bent  oniatmli  imil  bMkiritnl*  u  Uw  trae 
end  or  cfav  tub*  '.  V.  au^ge  of  Juiocrtinto  tUlloiiu  ivldt  twelve  prlmftrj  iepta  {after 


on  AnthosoB)  ue  specially  imimrlant  in  thii  connection.  Bovnu  eonAnna 
the  siiBtence  of  both  the  above-mtintioned  tjfjfs  of  uptol  KTOwth  in  Ifaa 
Heiactinis,  of  whinh  tlie  aae  was  made  knoam  b}'  Lxcizk-DttbikMi  the 
Dth0  bf  Bentwio.  In  agteenient  with  Hjludhk.  MoMnnaicfi.  and  Dmost, 
L  BoTtu)i1ac«siippoialiniportuiceonthe  iireBenoe  otan  Edwatdsia Maea  in 
1  tba  ontof;en;  of  the  Heuctinia,  and  is  inclined  to  regard  the  EdwanUte 
tjpeu  the  phjloRcnetie  starting  point  of  all  the  sroapa  of  Actinia,  an 
opinion  against  which  doubts  hare  reeenlt;  been  rais^,  w  far  aa  re- 
gards lh«  Ceriantfaen  and  Zoanthete.  by  K.  van  IlRimiEH  (Not.  I.  and  11., 
Appendix)  and  CAauiSRK  (No.  IV.,  Appendix}.  — H.) 
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The  oonditioD  doscribed  in  regard  to  the  gravth  of  the  wpta  applies  to 
the  HeisctinU  and  probably  to  ftU  Heiacoralla.    On  the  other  hand,  there 
are  a  naiober  of  groupa  among  the  Actiniaria  in  which  other  laws  ol 
septal  growth  prevail,  which  famish 
characters   of    sjatematio  importance 
|B.    Hebtwio).      In     the    Paractmin 
(SioyoDis,  Folyopsis)  there  are  found 
two  pairs  of  directive  septa,  aa  in  the 
type  described  above,  and  the  rest  of 
the  septa  also  make  their  appearanoe 
in  paira.    On  the  other  hand,  the  num- 
ber of  the  septa  is  not  fixed  by  the 
Domeral  6.     The  Edtcardiida  {Fig.  43 
d),  like  the   Heiactinie,  exhibit  two 
(esophageal  grooves  [siphonogiyphea] 
and  two  pairs  ol  directive  septa ;  never- 
theless the  arrangement  of  the  longi- 
tndinal  muBcles  on  the  septa  indicates 
K    bilaterally  symmetrical   structure,     The  pain  or  upia  i 
•s  opposed  to  the  biradial  condition     procouof  deveiopmenu 
of    the   adult   Heiactinis.      Of    the 

eight  septa  present,  of  which  only  the  diiective  pair  exhibits  a  paired 
gnniping,  six  bear  their  longitudinal  muscle  bands  on  the  side  directed 


th  of  ths  Kpta  in  Iha  Hai 
St  Ihs  lift  1  lo  t  rafsr  to  the  type  of  darelopment  of  ^danui 
Uie  nomban  (l.)and  |n.)(*)  tha  ^pe  or  denlopmcnt  of  Hulnclinu  ( 
Al  tU  right,  I.  to  IF.  Indicate  tbe  pain  of  septa  of  tha  Brst  to  the 
r.  asopbsganl  iioom  [slpbonogljpbw]. 
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toward  the  vMitrnl  surface  o(  the  aniiDBl,  whereas  the  lentrml  jiair  of 
d  rect   es  exi  he  loogiluilioBl  niiiBCleB  on   Ihe  oppmile  stilc     ll 

B  worthy  o(  lerat  on  that,  according  to  the  ooinciding  obwrva- 

t  ons  o(  \  r  H  ,  X  (No,  77|  on  H>!cauipa  and  Peachia  and  J.  P. 
McMitrr:  u|N  1  onAulactinia,  the  poeitionof  the  muscleaon  thcBnt 
Tour  pa  ra  of  a  aRreeH  with  the  arrangement  in  the  Edwardalitv 
(comp  F  ([  40/  >«lbHtaooordin|;l;in  thooDloK^ny  otsonie  Heiacliiiiw 
an  sctoal  EdHurilfia  stage  U  pwued  throD([h.  A  bilaterally  symmTtrickl 
type  is  also  dcvt'Ioped  i  Do*  (oUow.     In  the  UottaaliK 

{Fig.  43  B)  the  doraal  pur  tf  ••  ta  U  laokin^i.  whemu  in  tbc 

paired  arrani^emeat  of  lM<  inmch  the  MexactJDi».    Tb» 

/.oanthfd  {Yin.  ^3  C)  ■  iminitenient  o(  the  septa,  hnt 

each  pair  con?istii  of  tl  inisll  miaro«eptum.  not  reach- 
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ing  to  the  oeMtphafrua.  and  a  larger  macroBeptum,  eitending  to  the 
<eBopha((U8.  The  two  pairs  o(  directive  septa  constilale  the  only  excep- 
tion to  this,  the  dorttal  pair  eihibiting  only  microsepta,  and  the  Tcntral 
only  mocrosepta.  The  remaining  miied  pairs  ot  septa  are  so  arranged 
that  they  (all  into  a  dorsal  and  a  ventral  group.  In  the  dorsal  gronp, 
which  always  consists  of  only  four  pairs,  each  pair  tnms  its  macroeepttun 
toward  the  dorsal  pair  of  directive  septa.  The  number  of  pairs  of  Uw 
ventral  group  is  usually  considerably  greater,  and  ia  incretaed  by  tbe 
appearance  of  new  pairs  neit  to  the  pair  of  ventral  directive  aepbt  (at  x 
in  the  two  adjoining  interseptal  chambers).  Here,  therefore,  on);  two 
int«rseptal  chambers  function  as  formative  seats  of  new  pun  of  aepta. 
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EaohjMur  of  these  yentral  groups  tarns  its  maoroseptom  toward  the 
▼antral  pair  of  directive  septa.  Finally,  in  the  Cerianthea  (Fig.  43  D) 
only  one  oBSophageal  groove  [siphonoglyphe]  is  found.  Here  the  numer- 
ous septa  are  not  arranged  in  pairs ;  two  particularly  small  septa  attached 
to  the  base  of  the  (esophageal  groove  (A.  von  Heider)  may  be  called  direc- 
tive septa.  The  septa  lying  at  either  side  of  them  are  the  largest,  and 
from  here  the  septa  continually  decrease  in  size  toward  the  dorsal  side,  so 
that  it  is  probable  that  the  zone  of  growth  of  new  septa  is  situated  at  this 
place  (Hebtwio).  That  the  number  of  groups  is  possibly  not  concluded 
with  the  types  described,  is  proved  by  QoncLctinia^  which  represents  a 
peculiar  type  allied  to  the  Zoantheie  (Blochmann  und  Hiloer,  No.  74). 

With  respect  to  the  development  of  the  mesenterial  fila- 
merUSj  H.  V.  Wilson  (No.  99)  has  proved,  at  least  as  far  as 
concerns  the  filaments  of  the  twelve  primary  septa,  that  thej 
take  their  origin  as  outgrowths  from  the  ectodermal  epithe- 
liam  of  the  oesophagns.  Even  earlier  A.  von  Heider,  on  the 
basis  of  histological  agreement,  had  argaed  for  the  ectoder- 
mal nature  of  the  filaments  in  Cerianthns,  and  E.  B.  Wilson 
had  coDJectnred  that  at  least  the  lateral  ciliate  bands  {Flim- 
fnerstreifen)  belong  to  the  ectoderm.  A.  Andres  also  believed 
that  he  had  convinced  himself  that  the  filaments  of  the  six 
principal  septa  take  their  origin  by  means  of  outgrowths 
from  the  ectoderm  of  the  oesophagus.  According  to  the 
observations  of  H.  V.  Wilson  on  Manicina  areolata,  it  is  to 
a  certain  extent  probable  that  not  only  the  lateral  ciliate 
bands,  bat  also  the  nettle-  and  glaud-cell  bands  {Nessel- 
driUenstreifen),  arise  from  the  ectoderm. 

With  respect  to  the  more  detailed  processes  of  development,  the  mesen- 
terial filaments  of  the  first  pair  of  septa  differ  from  those  appearing  later. 
The  establishment  of  the  first  pair  of  septa  and  the  filaments  belonging 
to  it  takes  place  in  Manicina  areolata  at  a  time  in  which  the  space 
between  the  oesophagus  and  the  body-wall  is  still  filled  throughout  by  a 
solid  mass  of  entodermal  cells.  This  cell-mass  encircling  the  oesophagus 
10  divided  into  two  parts,  corresponding  to  the  two  primary  gastral 
poaches,  which  are  subsequently  hollowed  out.  This  division  is  effected 
by  the  formation  between  the  oesophagus  and  the  body-wall  of  two  par- 
titions of  the  sustentative  lamella,  which  constitute  the  foundation  of  the 
first  pair  of  septa.  It  takes  place  in  this  way :  the  oesophagus  approaches 
the  body-wall  until  it  comes  in  contact  with  it,  then  its  sustentative 
lamella  fuses  with  that  of  the  body-wall ;  when  subsequently  the  oeso- 
phagus again  separates  from  the  body-wall,  a  bridge  of  the  sustentative 
lamella  is  preserved  between  the  two.    While  the  fundament  of  the  first 
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pair  at  eeptt,  is  formed  to  Ihiil  way,  the  JsvoiopiDBnt  of  llle  RlamaaU 
lakes  ptac«  bv  sinipla  iIowuktowIIi  al  the  ectodDrm  of  the  o-sophagni.  in 
the  direction  ol  the  two  primarj  septa.  The  two  gnalral  pouches  lint  to 
appear  are  n<jw  oonipletelj  hollowed  out.  The  new  paint  ol  s*pt«  tivii 
arise  as  (oldin^^  of  the  entodermai  laioella  of  tli«  body'wall,  anil  their 
upper  ends  k-ctii  (a  be  at  eome  distance  from  thp  ectoderm  of  Ilia  urso- 
phagus,  80  thiit  110  direct  outgrowth  of  the latlM can  load  to  the  fonoaUon 


of  the  filaments.     In  order  t 
derm  of  the  ffi-oplmgv 
around  at  thi?  innur  u 
outer  surface  of  the  tea 
newly  formed  sept&.  or 
Thia  bent-ovvr  port  o> 
Wilson  conjectures  tha 
appearing  Be])tu  nrc  fortoe 
In  general  liu:  lU'velupi 


theB> 


a  thai  . 


between  tha  ecto- 
ad  aepta,  the  larmur  oiuat  Iwnd 
kguB.  and  grow  upward  on  the 
ohei  the  uppermost  i>art  of  tlie 
dvancea  In  form  the  Qlamnnt. 
wen  in  Fig.  40  J,  r/.  H.  V. 
filaments  of  all  subaeqiientlf 

iterial  fliamenis  takai  place  in 
<  that  the  oldKit  pair  of  w:|)ta 


bears  the  mo^i  .U'veloped  fila. 

Tho  tenliii-lf,i  arise  na  simple  evnginations  of  the  bodjr.wnl  1 
over  the  dUTcreiit  jriistral  ponehes.  The  fieqiieiice  of  their 
origin  has  been  described  by  Lacaze-Duthier»  (No.  89), 
ospecially  for  Actinia  mesembryanthemam.  For  the  early 
stages  it  is  closely  connected  with  the  seqaenceof  the  appear- 
ance of  the  different,  mesenteries  and  the  formation  of  the 
chambers  dependent  on  it.  In  this  connection  onght  speci- 
ally to  be  mentioned  the  fact  that  tho  tentacle  which  ftrises 
over  the  larger  of  the  two  first-formed  gastral  poncfaea  con- 
siderably outstrips  the  others  in  development,  bo  that  for  a 
Ions'  time  the  bilateral  symmetry  of  the  larva  is  marked 
externally  by  the  presence  of  this  one  largo  tentacle  (Fig. 


HtACEB  (No.  Tfi)  has  called  attention  to  the  fact  that  in  attached  atoek- 
building  forms,  as  in  the  blossoms  of  many  Phanerogams,  the  bilaleraUj 
symmetrical  fundamental  form  may  be  expressed  by  the  position  of  tha 
buds  in  relation  to  the  parent  animal,  i.i..  to  the  axis  of  the  entire 
colony,  since  the  parts  of  the  bud  near  to  the  axis  undergo  a  different 
development  from  those  remote  from  it.  MoeiLEi  bad  already  abown 
that  in  Uoccophyton  and  Heliopora  the  polyps  always  have  their  donal 
sides  turned  towards  the  axis.  We  may  conclude  from  BUcb  obMrvationa 
that  the  bilaterally  symmetrical  structure  of  the  Anthozoa  ia  oansad  bj 
the  formation  of  stoclfs.  The  solitary  forms  (Actiniaos)  would  then  hkve 
to  be  derived  from  those  forming  colonies.    Finally,  we  may  astoine  that 
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the  UlateraU;i7iiimetricia]t7pe.whichatfiiat  is  developed  only  in  connec- 
tion with  bnddiim,  beobme  so  firmly  eatabliabed  thut  it  also  found  expres- 
sion in  the  first  stagea  of  development  from  the  egg  (comp.  above,  p.  52). 
After  the  formation  ol  the  first  twelve  tentacles,  a  rearrangement, 
according  to  the  number  6,  takes  place,  so  that  there  are  two  cycles  at 
mx  tentacles  each.  The  larger  ones,  those  of  the  first  cycle,  correspond 
to  the  six  primary  intraseptal  chambers,  whereas  the  smaller  ones,  those 
of  the  second  cycle,  alternate  with  them.  Sii  large  tentacles  of  the  first 
cycle  thns  alternate  regularly  with  six  smaller  ones  of  the  second  cycle. 
The  appearance  ol  new  tentacles  does  not  take  place  by  the  interpola- 
tion of  one  in  each  of  the  twelve  intervals  between  the  elements  of  the 
flrat  and  second  cycles,  but  by  the  appearance  of  six  pairs,  which  occupy 
only  one  half  of  these  intervals,  us  is  represented  in  Fig.  44  B.    We 


BiLron'i  Cmipanitiiif  Embrvoldgy).  J.biluerkl  ciliated  sURe, 
■evaral  imail  (entule  bads ;  m,  moDih ;  B,  view  of  an  older  HUige  Eiom  Kboie.  Tbers 
an  tweuty-foar  tentacle*  aroaod  tbe  mODlli.  Tba  uqueuea  in  the  origlii  or  the 
twelve  prtmuj  tanlacles  is  a',  a,  k,  c,  d,  /,  •  ■ 

here  see  that  three  tentacles  lie  in  the  intervals  between  every  two  ten- 
tacles of  the  first  circle,  one  belonging  to  the  second  cycle  and  two  being 
new ;  but  these  are  arranged  in  such  a  way  that  the  middle  one  of  the 
three  everywhere  belongs  to  the  cycle  of  the  youngest  generation.  This 
omi)  now  increases  greatly  in  size,  and  outstrips  the  individuals  of  the 
former  second  cycle,  which  in  this  way  lose  their  rank,  and  are  classed 
in  the  third  cycle.  In  later  stages,  cycles  which  differ  in  size  (six  ten- 
tacles of  the  first,  six  tentacles  ol  the  second,  and  twelve  tentacles  ol  the 
tfaiid  cycle)  actaaliy  alternate  regularly  with  one  another  in  position.  It 
must  be  observed,  however,  that  the  present  third  oycte  does  not  contain 
nnitorm  elements,  but  six  tentacles  of  the  youngest  stage  ol  development 
uid  ail  which  previonsly  belonged  to  the  second  cycle.  A  rearrangement 
therefore  has  taken  place.  In  the  same  way  the  number  of  the  tentacles 
increases  from  twenty-four  to  forty-eight  and  to  ninety-six  by  the  appear- 
K.  B.  £.  U 
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KDM  of  hew  pairs  ol  tentaolea.  half  ot  tbe  intcTYkU  hoiae  Icll  anipl]'. 
Thus  by  renrran^feiiieat  a  fourth  cycle  of  Iwanly-Iour  uxd  a  liftb  one  □( 
forty-eight  leiilaclea  are  developed  ;  but  these,  like  the  third  ojcio  before. 
consist  of  clement;)  of  heterogenpous  origin. 

Ordinarily  tht  attachment  of  the  hitherto  free-swimming  oilialnl  Wva 
tabes  place  in  the  stage  in  which  the  number  of  tenlaoles  is  iuonasMl 
from  twelve  to  Iwciity-four. 

It  is  lo  be  ei|iected  that  in  those  forms  which  exhibit  a  special  law  of 
septal  growlli  the  sifquenoe  v.  ~  Lnoe  of  the  tontaoles  is  eorm- 

spondingly  nmiliiicd.   In  a  larvr  hnactu  by  iii.tia  and  A.  Aujuwia 

(No.  72),  coiiditioiia  of  organixi  nd  which,  ae  has  rcc«nlly  b«vn 

shown  by  C.  Vrwi  (No,  96),  oouneci  ii  w  ha  Crrianllu-r.'  The  develop- 
ment of  the  tentacles  also  I'acallH  the  de  pmeot  ol  the  Ceriantbtu  lam, 
made  known  by  Haime.  In  Araohnact>  lie  tentacles  do  not  k^ow  oo> 
in  cycles  bulwi'cn  those  already  presenL,  lut  there  is  a  dorsaJ  liaddinc 
zone  (as  m  the  cane  of  the  septa ;  con  i.  p.  96),  where  the  youn^teat 
teQlacle&  nrc  fonnej  tn  pairs.  The  tentiu  les  of  the  inner  eircle  also  »r« 
formed  in  the  >u>nic  manner.  It  follows  f  om  this  thai  the  UnUdoa  ot 
the  ventt-al  side  iiiuat  be  the  largest  aod  oldest.  The  onpaired,  peipttu- 
all;  dwarlti)  tentacle  of  the  directive  chamber,  which  is  found  belweon 
the  longpst  jiairud  It'UtacleB,  fomiH  an  eiception. 

The  development  of  the  calcareom  skeleton  of  the  Madre- 
poraria  haa  been  etudicd  by  Lacaze-Duthiers  (No.  88)  and 
V.  Koch  (Nos.  83  and  86)  in  Astroidea  calycniaris.  It  takes 
place  at  the  stage  in  which  the  first  twelve  tentacles  of  the 
larva  have  beea  developed,  and  in  which  attachment  asoallj 

The  calcareona  Hkeleton  is  formed  as  a  secretion  on  the 
outer  aide  of  the  ectoderm  of  the  body -'wall  (Fig.  45).  At 
first  a  delicate  circnlar  basal  plate  anses  as  a  secretiuD  from 
the  ectodermal  cells  of  the  pedal  disc.  This  basal  plate,  bj 
means  of  which  the  larva  attaches  itself  to  some  Boitable 

■  [In  regard  to  the  development  ol  Arachnactis,  the  adult  form  of  which 
has  been  found  by  Hkbtwio  and  Uovehi.  consult  the  recent  statementa  ot 
E.  Van  llE-iEi>KN  (No.  II.,  Appendix  to  Liuratare  on  AnthoEoa)  and 
BovEBi  INo.  in.,  Appendix  to  Lilrraturt). 

A  long  lime  ago  a  very  remarkable  Actinia  larva  was  described  by 
Sehpbr,  and  recently  by  E.  van  Beneden  more  in  detail.  This  larra  is 
characteri  ned  by  the  presence  of  a  highly  iridescent  ciliate  ridge  running 
lengthwise  ot  the  body.  Van  Benkden  is  inclined  to  refer  it  to  the  group 
ol  the  Zoantheie.  Comp.  SExrEn,  "Ueber  einige  tropische  I^arveiifoT- 
men,"  UriUchr.  tciii.  Zoo/.,  Ud.  ivii.,  IHliT,  and  Vkx  Besidsh  (Ko.  I., 
Appendix  to  LiieratuTt  on  Anthozoa).— U.] 
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support,  consists  of  roundish  crystalline  bodies,  which  sub- 
sequently fuse  with  one  another.  The  earliest  fundaments 
of  the  calcareous  septa  [sclerosepta]  soon  make  their  appear- 
ance. It  was  shown  by  Milne-Edwards  et  Haime,  and 
afterwards  by  Lacaze-Duthiers,  that  the  calcareous  septa 
correspond  in  position  each  to  a  gastral  pouch,  and  therefore 
that  they  occur  between  every  two  mesenterial  septa.  The 
earliest  fundaments  of  the  twelve  primary  sclerosepta  are 
called  radial  ridges  (Sternleisten)^  and  at  first  are  V"  ^^ 
Y-shaped  (Fig.  46).  The  fundament  of  the  theca  (Mauer- 
hlatt)  arises  by  the  peripheral  ends  of  the  radial  ridges  soon 
becoming  fused  with  one  another.  All  of  these  are  struc- 
tures which  are  secreted  by  the  ectoderm  of  the  pedal  disc, 


Pio.  46. — Development  of  the  calcareooB  Bkeleton  of  A$troid4»  calyeulartM  (after 
T.  Koca),  diagntminatic.  The  section  is  made  perpendicular  to  the  pedal  di»c 
in  the  direction  of  a  secant.  At  the  bottom  the  fundament  of  the  basal  plate ;  to 
the  left  the  epitheca ;  to  the  right  two  radial  ridges  [sclerosepta]  growing  upwards 
from  below,  alternating  with  two  mesenterial  septa  [saroosepta]. 


and  naturally  the  more  these  skeletal  parts  rise  upwards  the 
more  the  ectodermal  layer  of  the  pedal  disc  must  undergo  a 
kind  of  invagination.  It  follows  from  this  that  in  later  stages 
also  those  parts  of  the  skeleton  which  apparently  lie  inside 
the  body  of  the  polyp  are  covered  by  an  epithelial  lamella 
belonging  to  the  ectoderm  of  the  pedal  disc  (calycohlast  layer , 
V.  Heider).  But  the  lateral  walls  of  the  body  in  its  lower 
portions  also  deposit  externally  a  calcareous  layer,  which 
constitutes  the  fundament  of  the  so-called  epitheca  (Fig.  45). 
The  so-called  columella  is  formed  by  the  fusion  of  the  radial 
ridges  [scleitwepta]  with  one  another  at  their  inner,  central 
ends.  Six  of  the  twelve  radial  ridges  soon  become  more 
prominent,  so  that  there  is  established  an  arrangement  in 
two  cycles.     Subsequently  other  cycles  make  their  appear- 
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ance  by  tlie  interpolation  of  new  small  aojita 
between  tlit  esisting  ones. 

Non-iej-ual  reproduction  ii 
is  found  widely  distributed 


1  rognlar  orOcr 


the  form  of  fitiion  ivnd  budding 

a  the  Zoantbaria  ;  by  this  meanH 

extensive  colonies  ttvc  dovelapMl 

in  the  skeleton- forming  CnralH 

(Scleroderroata),    wlicrt-iui     iii 

unp  of  non-skeletal  \e- 

\    ( Mitlacodermata)    the 

Inrkls  produced  by  fission 

ildinp    nsnally    aepanitv 

y,  so  that,  with  fow  e\- 

is  (/oantben),  tho  forma 

...  nil    case  remain  solitary. 

ig  in  lbs  Actiniaria  luu  Wd 
observed  niOTO  rarsly  —  EiiiscU* 
(Vebhiu.,  ?),  Oonaottnia  (BuM-aiuns 

rvn  Hii.r.ri.).  Zoaulbus.  Mote  (re- 
quently  reprodnction  takes  place  bj 
fission.  This  ma;  divide  the  parent 
■niniBl  into  two  nearlj  equal  parts ;  either  aa  longitudinal  fiaiim,  which 
begins  at  the  oral  disc  and  progresses  toward  the  base,  or  takes  the  oppo- 
aile  direction,  or  aa  traiurfrtt  diviiM",  a  kind  ot  reprodaction  which  has 
been  described  in  detail  for  Zonactinia  prolitcra  bj  M.  Siaa  and  by 


llitnidf 


«.-H«.<iil  ptiit*  at  a  l»r»a  o/ 
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I)|JK.'HUANN  rM>  MiLdEn  (No.  74).  and  which  in  its  outcome  presents  strik- 
iuK  reseniblancc»  to  the  divisions  in  FlaMlum  and  Fungia  described  b; 
HeupEli,  and  to  the  process  of  strobilization  in  the  Scyphozoa.  In  Go- 
nactinia  il  is  always  young  animals  that  undergo  transverse  dlviaion. 
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SomtwbRl  belov  the  mid<)!e  ol  the  psTeiit  animal  ia  formeit  a  circle  ol 
hiul-Uke  projections,  out  of  which  is  developed  the  circle  ot  tentacles  of 
the  lower  individual.  While  the  upper  part  is  being  coastrioted  oB,  the 
ami  disc  and  the  cesophagus  of  the  lower  ofl- 
spring  of  the  division  are  developed.  Finnlty, 
the  upper  part  detaches  itself.  It  appears  that 
both  parts  have  the  power  to  divide  aRsin. 

Another  vemarlable.  mote  widely  diatribaled 
kind  ot  division,  which  had  already  been  ob- 
served by  DicQCKUARE  and  bj  D.i.veLi.  (No.  i), 
has  recently  been  studied  in  detail  by  A.  Anubeb 
(No.  73),  and  has  been  called  laceraiion  (Fin. 
4S).  This  ooneist)!  iu  the  abstrictioo  ot  fra^- 
mentB  of  &  basal  expansion.  At  the  margin  of 
the  base  of  an  Actinian  a  small  part  is  character- 
iied  by  the  opacity  of  its  entoderm  and  by  ilb 
firm  adherence  to  the  support,  the  latter  beint; 
caused  by  a  secretioD  ot  the  ectoderm.  By  the 
contraction  of  the  parent  aniiual,  the  mo(liiie<l 
marginal  part  is  torn  away  from  it.  This  can 
now  be  metamorphosed  cither  directly  into  a 
amaU  Actinian.  or  after  further  separation  into 
smaller  fragments. 

Both  If  iods  of  non-aeiual  reproduction,  Dsaion 
and  budding,  are  widely  distributed  among  the 
Coiktlia.  They  here  lead  to  the  (ormation  ol 
extenaive  stocks  of  various  shapes.  In  loany 
liases  (Ocnlinacea  and  Astrnacea)  in  which  it 
was  formerly  believed  that  lateral  buddinR 
occurred.  Stcogb  iNos.  1)4  and  !)5)  was  able  to 
tbow.  upon  closer  investigation,  that  there  eiints 
a  reproduction  by  bssioa.  one  of  the  reaultania 
ot  division  coming  with  further  gtowtli  to 
occupy  a  position  on  tlia  lateral  wall  of  the 
other  part.  A  similar  kind  of  reproduction  has 
been  observeil  among  the  Pungiaceas  in  Her- 
petulitha  limai. 

Qenuine  basal  budding  is  found,  for  example, 
in  Turbinaria,  where  tlie  base  of  the  colony 
exists  as  a  common  plate  of  Cfpnenohynia.  a^ 
lb*  margin  of  which  new  individuals  bud;  like- 

The  form  of  longitudinal  Gssion  occurring  in  the  Corattia,  which 
naually  b^ins  with  a  constriction  of  the  oral  iliac,  may  remain  more  or 
leu  incomplete,  so  that  the  individuals  remain  united  with  one  another 
in  Mries.  This  arrangement  can  be  recognized  even  in  the  skeleton,  since 


k    basal    put   f. 


102  BKnRTOLOOT 

B  whole  serit's  of  iiidividnalii  remains  nnaloiml  bjt  a  (Kumuon  lli*e>, 
whereas  tho  ^i.]it(iai,-  placed  pcTiieiidicalBr  to  the  dircotjon  □[  Iho  tortuoo" 
valleys  eitf-n.liui;  Ixtween  the  Ihecn  (MeandtiDk). 

In  Ihe  Mono  i^umls  alxo,  baiidini;  and  Gsaion  niaj  lead  to  Iha  tarnialion 
of  individuols  wlilch  separate  from  the  parent  and  live  iii4«i>en4iuitl j .  Iti 
BUatotroohug  there  are  kternl  buda  lliat  separate,  wherea*  iu  Flaln-tliun 
a  kind  of  tranEiverye  division  occani.  The  joung  AtnRoa  at  Ihe  FunKidar 
form  sma]]  oi>rnl  slocks  from  which  the  aoUtarj  tornu,  which  beamDe 
aexually  mhiure,  nre  ninu  ae  division.    Knoa  ooo  and 

the  same  branr'li  uiay  undergo  thii  >f  transverse  division  •avpral 

times,  the  Tpseiut<l(iiice  !«  the  Bt  a  ut  tlie  Scn>boxo«  ik  tar; 

atriking.  Hero  also  there  is  a  triio  >..-■■  lion  of  (jeneralioni  (SajiMa, 
No.  93). 

111.    prvp^  lUS*. 

Of  the  ffiiitis  belong  iwenMndcs  and  Chaiyi" 

(ietcj<e  arc  contrasted  with  the  XTMcv.  Hwii  proper.  Wbiletlid 
enibryolo^-3  (if  the  latter  hM  been  repeat«d];  invMligwtod. 
we  have  ns  yet  only  a  fragmentary  knowledge  of  the  two 
groups  firnt  tinmpil. 

Lucernaridae.— FoLand  Kokotneff  have  given  aocoontsot  Ibelarvn 
of  the  Lucernarians.      The  development  from  the  egg  has  been  more 

thoroughly  investigated  by  Kowu-evskv  (No.  108),  whose  reaolt*  have 
recently  been  confirmed  hy  It.  H.  Bkroh  (No.  101).  After  the  ^g  and 
sperm  have  been  discharged  into  Ihe  water  tertili£ation  takes  plaoe.  at 
the  completion  of  which  the  egg  retracts  somewhat  from  the  vildliDe 
nieinbrane.  Two  polar  globules  are  formed,  and  then  the  first  cleava^ 
furrow  arises.  By  mean^  of  total  and  equal  cleavage  a  multicellular  stage 
is  formed,  which  iireeents  no  claavagt  csvhy.  The  pointed  ends  of  Ihe  pris- 
matic cells  meet  al  the  centre.  An  accumulation  of  entoderm  oells  now 
takes  place  inside  this  so-called  morula  ;  this  is  acoomplighed  by  a  contri- 
bution of  elements  from  a  detinite  region  of  the  egg,  so  thai  the  prodnction 
of  the  entoderm  here  seems  to  approach  the  type  of  polar  ingresaion. 
KuwAi.r.v>tKY  believe:)  that  it  is  chiefly  a  transverse  division  of  the  pria- 
nialic  cells  in  this  region  that  leads  to  the  oontribution  of  entodemik) 
elciuents ;  however,  simple  ingression  is  not  wholly  eiclnded.  The 
bilaniinar  stage  resulting  from  this  is  at  hrnt  coDiplelely  spherical  (Pig. 
Vi  A),  but  soon  elongates  in  the  direction  of  the  future  chief  azia  (Fig. 
49  II].  The  entoderm  cells  meantime  become  vacuolated,  and  arraogo 
tbemselves  more  and  more  iu  a  single  row.  so  that  there  results  from  thia 
a  rod-like  planula,  which,  like  that  mentioned  tor  iEginopaia  (p.  57). 
resembles  a  Jvlached  hydroid  tentacle  (Fig.  411  C).  This  plannia  of  the 
Lucemaridni  is  not  ciliated,  but  creeps  slowly  aboat  with  worm-like 
movements.  The  first  nettling  cells  are  developed  a  ita  poaterior  end. 
I'leparalory  to  assuming  Ihe  polypoid  form,  it  eventually  attaches  itaell 
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by  meuiB  ot  its  anterior  end.  The  further  development  could  not  be 
followed.  B.  S.  Bbboh,  howeveT,  mentiona  a  young  Btnge  in  which  the 
tentacles  were  not  jet  nnited  into  groups,  but  were  diatribnted  along  the 
margin  of  the  bell,  while  the  armE  were  not  yet  developed.  Eight  ten- 
taolee  lying  in  definite  rftdii  oould  ba  recognized  as  fondaments  o( 
tnargina]  pApillci. 

Oharybdeida. — W.  Haacu  (No.  106)  has  given  a  description  of  some 
yoong  forms  of  the  Australian  Charybdma  Bastoniii  which  already  cou- 
aiderably  resembled  the  adult  animal.  Theae  accounts  are  thus  far  the 
only  ones  on  the  embryology  of  this  genua.  As  contrasted  with  the 
cubical  form  of  the  adult  animal,  the  young  Acalephg  showed  an 
approach  to  a  pyramidal  shape,  and  the  apei  of  the  umbrella  was  more 
strongly  arched  than  in  the  adult.  The  yonngest  stage  that  was  observed 
exhibited  a  oanal  somewhat  ezcentrioally  situated,  and  extending  from 


It  ot  Lncenuiu  (after  B.  B.  Bush) 


ttae  Scjphistoma  (after  U.  Sii 
A.  by  tbe  fonnatioa  of  ■toloDa;  i 
r  iMenl  budding. 


the  central  stomach  to  the  dome  of  the  ambrella,  where  it  ended  blindly. 
HucKE  T^ards  it  as  the  remains  of  a  communication  with  a  Scyphis- 
loma  nurse,  and  therefore  maiutaina  the  probability  ot  an  alternation  ot 
generations  in  the  Charybdeidn. 

From  the  egg  of  moat  Diecopkora  (Dwconwiitwe)  a  fiied 
polypoid  creature  is  first  developed,  which  is  attached  by 
one  pole,  and  haa  the  month  at  the  opposite  end,  at  some 
diitance  from  which  a  circle  of  tentacles  is  developed  (Fig. 
51,  1,4).  The  Lncemaridta  are  eaaentially  a  moi'e  highly 
developed  form  of  these  gcyphopolyps,  which  become  sexnally 
mature.      In  all  other   Scyphomedasfe   the  polypoid  form 
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KMIinVOI/MlV 


(Scyphutuwi)  ft]ipeai-B  to  liick  tbe  power  of  penenting  ocsttiU 
products,  ciiliiljiting-  ouly  uon-seiiml  reproduction,  wliicti 
occurs  in  two  inCHiificalionft  ;  (1)  an  Iiuddiufr  (lnUvai  building 
and  formation  of  root-rnnners  or  sfailouB)  (Fig.  50),  by  mcBtu 
of  which  a  si'vphopolyp  is  always  jiroduoed  a^ain — tliis 
either  sejiai-attf^  from  the  parent  liud  attaohea  itself  iuilopeDil- 
ently,  or  may  remain  united  with  ihe  [iiirent,  thus  tem- 
porarily produciug         sypliopolyp  stocka)— (2) 


4 


SojphiMonu 


nljove ;  II,  Ephfra  tcnm  tbe  nidi:  ;  li.  Epliyra 

as  strubilizntion,  in  reality  a  tranarerse  divisioD  with  snbse- 
ijiient  regeneration.  Uy  means  of  transverse  con Rtrict ions 
the  scyphopolyp  (Fig.  51,  n)  separates  into  saperpOBed  dis- 
coid parts  {dri'hila,  stage,  Fig.  51,  5 — 10),  each  one  of  which, 
by  the  production  of  marginal  lobes  and  corresponding 
interna)  metamorphoses,  is  changed  into  a  young  medusa, 
which  at  first  shows  the  charat^teristic  form  of  the  Epkyra 
itage  (Fig.  51,  u,  12),  and  ia  not  converted  into  the  pemianeDt 
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form  of  the  sexually  mature  medusa  until  after  a  metamor- 
phosis, which  in  most  cases  is  rather  complicated. 

In  most  of  the  Discophora  hitherto  studied  development 
takes  place  in  the  form  of  an  alternation  of  generations 
already  described.  This  is  wanting  in  the  Lucernaridas 
only,  they  representing  a  sexually  mature  scyphopolyp 
stage,  from  the  eggs  of  which  individuals  of  the  same  form 
arise.  On  the  other  hand,  among  the  free-swiming  acraspe- 
dote  medus89  cases  (Pelagia)  of  direct  development  are 
known,  in  which  a  larva  developed  from  the  egg  of  the 
medusa  changes  directly  into  the  Epbyra  stage.  This  is 
looked  upon  as  a  case  of  coenogenetically  abbreviated  develop- 
ment, since  the  formation  of  a  non-sexually  reproducing 
nurse-form  (Scyphistoma)  is  suppressed. 

Development  of  the  Scyphistoma.— The  develop- 
ment of  Aurelia  (A.  aurita  and  A.  flavidula)  is  that  of  which 
we  have  the  most  complete  knowledge;  it  has  been  made 
known  through  numerous  investigations — those  of  M.  Sars 
(No.  112),  V.  SiEBOLD  (No.  114),  L.  Agassiz  (No.  2),  Claus 
(Nos.  102  and  103),  Haeckbl  (No.  107),  and  Goette  (No. 
105).  In  the  following  we  adhere  chiefly  to  the  description 
of  GoETTE,  by  whose  investigations  a  number  of  new  points 
of  view  have  been  gained. 

The  eggs  of  Aurelia  aurita  pass  from  the  ovary  into  the 
gastral  cavity  of  the  parent,  and  from  there  through  the 
mouth  into  the  folds  of  the  oral  arms,  where,  enveloped  by  a 
slimy  secretion  from  the  entoderm,  they  undergo  embryonic 
development  as  far  as  the  stage  of  the  swarming  pianola. 
They  are  enveloped  by  a  delicate  vitelline  membrane,  which 
is  lost  in  the  later  stages  of  cleavage. 

By  total  and  equal  cleavage  (Glaus)  the  egg  divides  into 
a  number  of  equal-sized  blastomeres,  which  arrange  them- 
selves in  a  single  layer  about  a  comparatively  small  cleavage 
cavity  (cceloblastula).  While,  according  to  Glaus  (in  har- 
mony with  the  statements  of  Kowalkvsky),  the  gastrula-stage 
is  reached  by  means  of  a  process  of  invagination,^  in  which 

*  [The  observations  of  Claus  have  been  fully  corroborated  by  the 
recent  investigations  of  Fbank  Smtth  (No.  VII.,  Appendix  to  Literature  on 
Scyphomeduss)  on  Awelia  flavidula.    In  this  species  the  entoderm  is  pro* 
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tlie  lumen  of  tlie  archenternn  can  be  reoofrui*t>iJ  onlj"  as  n 
linear  tiHsnrf  ill  the  plu(f-like  injfrowtli,  auotbcr  method  of 
formation  tii  tlit-  lower  (ferm-lftj-er,  that  may  be  calleil  polur 
ingresfiinn,  has  been  maintained  by  GoEtie,  Accoi-dinir  to 
GoETTE,  th<'  ivlh  of  the  blaflttila  have  not  the  same  form  in 
the  entire  eiivumference,  bnt  are  somewhat  »hort«r  »n<l 
bi-oader  in  one  hemisphere.  From  this  retnon  there  ie  « 
tnigrotion  of  imlividnal  eells  iut<>  tl  e  blastoccele.  until  finally 
this  caritj  in  complttely  filled  with  a  solid  eell-niasH 
(entoderm).  The  ai-chenttirun  Hrises  in  thiii  in  the  form  of  m 
fissure,  whith  Hoon  breaks  thro  i  to  the  exterior  at  the 
region  from  wliich  the  immigra  a  of  eiitiiderm  cells  took 
place,  thenliy  fnrming  the  primitive  mouth  (proatoraa). 

Even  detin-,'  this  proccHS  the  e  Ijryo,  originally  npherical. 
elongates,  nn  Mint  the  longitudinal  axis  p/uiiten  through  th« 
primitive  nirinth  and  the  apical  pole  lying  opposite  toil. 
Bnt  the  primitive  mouth  very  soon  closea  oompletelj.  At 
the  same  ticne  the  larva  becomes  narrowed  at  this  end.  no 
that  it  is  pyriform.  The  swarming  out  of  the  ciliated 
embryo  (plannia,  Kig.  r>2  A)  now  takes  place;  the  broader 
apical  pnle  is  directed  forwards  in  swimming,  whereas  the 
narrower  pole,  at  which  the  closure  of  the  primitive  month 
took  place,  comes  to  He  behind.  Nettling  capsules  very  soon 
make  their  appearance  on  the  swarming  larva  ;  these  arise 
in  great  numbers  at  the  posterior  pole,  whereas  they  are 
almost  wanting  at  the  anterior  end. 

Kven  during  the  swarming  stage  a  shallow  depression  is 
developed  at  the  anterior  (apical)  pole  of  the  larva,  and  at 
this  point  the  epithelium  acquires  a  glandular  nature.  The 
larva  now  attaches  itself  by  the  apical  pole  to  some  support, 

ducod  by  the  (orniation  of  a  distinct  invaginstioD  gastrul*.  A  nuKratioa 
of  cells  into  the  blastocivle,  as  described  by  Qoette,  was  also  occaaionaltj 
observed  in  A.  flsvidula.  However,  these  cells  appear  to  disintegrate 
without  taking  any  part  in  the  formation  o(  the  entoderm. 

On  the  other  hand,  the  entoderm  is  formed  in  Cyanfa  arctiea,  according 
to  McMunsicu  fAppendii  to  Litetature  on  ScjpbomeduB«.  No.  V.,  p.  814, 
and  Ko.  VI.,  p,  90).  by  an  inward  miRration  of  certain  cells  of  the  blaBto- 
«|)here,  and  in  Cyanea  eapilliilii.  according  to  Hahakn  (No.  IV.,  Appendix 
to  Litrniiurr),  by  the  inKTowth  from  one  pole  of  the  embryo  of  a  solid  rod, 
which  aubseiiueDtiy  becomes  hollowed  out  to  form  the  gastral  cavity. — H.J 
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and  thas  the  former  anterior  end  becomes  the  foot  of  the 
scjphopoljp ;  this  soon  contracts  a  little,  whereas  the 
posterior  end  widens,  so  that  in  this  way  the  body  acquires 
the  goblet  shape  characteristic  of  polyps  (Fig.  52  B). 
Daring  the  attachment  a  cement,  which  soon  hardens  into  a 
plate  with  nptarned  margins  (Figs.  54  and  55  A;),  is  secreted 
from  the  foot.  The  secretion  of  a  raesogloea  begins  early 
between  the  two  layers  of  the  larva  (Fig.  52  B,  g). 

The  next  change  is  the  formation  of  the  permanent  month, 
which  arises  by  a  process  of  invagination.  The  ectodermal 
layer  of  the  prostomal  pole  invaginates  into  a  gradually 
deepening  ectodermal  pocket  (Fig.  52  B,  «),  at  the  bottom  of 
which  a  perforation,  leading  into  the  gastral  cavity,  soon 
arises.  In  this  way  an  cesophagtiSf  lined  with  ectoderm,  is 
produced  (Fig.  52  C)  ;  the  outer  opening  is  known  as  the 
mouthy  the  inner,  communicating  with  the  gastral  cavity,  as 
the  inner  opening  of  the  ossophagus  ( Fig.  52  (7,  sp).  By  means 
of  this  process  of  invagination  the  entodermal  sac  becomes 
crowded  downwards,  but  not  throughout  its  entire  extent. 
Since  the  larva  is  compressed  laterally,  two  glove-like  ento- 
dermal processes,  corresponding  in  position  to  the  longer  of 
the  secondary  axes,  are  preserved.  These  project  upward, 
and  are  the  first  two  gastral  pouches  (Fig.  52  G  vi  and  i)  m). 
Very  soon,  however,  in  a  plane  at  right  angles  to  this,  a  second 
pair  of  gastral  pouches  grows  upward  as  diverticulae  of  the 
central  stomach  (Fig.  52  E),  so  that  now  the  radiate  type 
with  four  rays  is  reached.  We  now  have  an  oesophagus 
ijiTaginated  from  the  ectoderm,  in  the  circumference  of 
which,  at  the  four  radii,  lie  gastral  pouches  in  connection 
with  the  gastral  cavity.*  At  these  places,  where  two  neigh- 
bouring gastral   pouches   come  in   contact,   a  partition,  or 

*  [Oar  knowledge  of  the  first  processes  of  development  in  the  Scyphis- 
toma  stage  has  been  materially  increased  by  recent  investigations,  which 
have  advanced  information  in  several  directions.  Nevertheless  it  is  not 
possible  as  yet  to  pronoonce  final  decision  concerning  these  develop- 
mental processes.  The  observations  of  Goette  have  been  only  partially 
confirmed  by  Glaus  (Nos.  I.  and  II.,  Appendix  to  Literature  on  Scypho- 
medusflB).  As  the  result  of  his  most  recent  observations,  Glaus  (No.  II.) 
denies  totally  the  presence  of  an  ectodermal  pharynx.  Of  special  import- 
ance are  the  statements  of  Glaus  (No.  II.)  concerning  the  formation  of 


teptttm  (Fifjr.  52  E,  sf),  is  produced  by  their  conli^aoua  lateral 
walls.    These  four  septa  lie  in  theint«mttlii,  whei'eaa  tbe/our 
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primnri/  gtutral  pouche$  lie  in  the  four  chief  radii  (pfrmdii). 

the  proboacis  in  the  developing  Ephyra  ot  theitrobilm  Itage,  ■  point  ohiell 
had  not  hitherto  received  my  cnrof  ul  attention. 

BecBDt  obserration.  by  Oobtte  (No.  III.)  on  CotgUirhua  (ufrriwlata 
and  Prlagia  noriilaea  have  le^l  to  the  Bstonishint;  result,  that  ot  the  lour 
{irimarj  (intetrsl  poaoheB. — although  the  first  pair  is  ol  entodcjmal  oriifiii, 
being  produced  from  iliverticula  ot  the  archenlcron. — the  leeaDd  pair  ia 
cdodermBl  in  origin,  since  it  arises  by  evagination  trout  the  MtodcrtBal 
phaiTai.— H.]    Connuit  also  lui  H.  Htde,  N'o.  Vll.  b.— TussLiTona. 
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The  stmctares  occnrring  between  these  [eight]  radii  are 
designated  as  adradial. 

The  lower  free  margins  of  the  four  septa  soon  become 
continnons  with  the  wall  of  the  central  stomach  in  the  form 
of  four  longitudinal  folds,  which  ultimately  extend  through 
the  entire  length  of  the  scjphopolyp,  even  into  the  foot. 
These  folds  are  known  as  the  longitudinal  folds,  or  toeniolce 
(Fig.  52  Fj  t)y  and  the  sinuses  of  the  central  stomach  limited 
by  them  as  gastral  furrows. 

In  the  further  metamorphosis  of  the  larva  the  form  changes, 
approaching  more  and  more  the  shape  of  a  goblet  (Fig.  53). 


"S 


Fio.  53.— DUigrammatio  lonfdtudinal  section  through  a  Scyphiatoma  (based  on 
Oosm).  il.perradial  longitudinal  section;  fi,  interradial  longitudinal  section; 
Tphf  proboeoiB;  t,  tentacle;  tr, septal  ftinnel ;  m.  gastral  poaches;  g,  mesoglcea;  *, 
•eptam.    The  entoderm  ia  represented  as  a  dark  layer. 

The  lower  narrow  portion  is  called  the  stalk  or  peduncle 
(Fig.  55  st),  the  prolongation  of  the  central  stomach  extend- 
ing into  it  the  peduncular  canal.  The  upper  part  of  the 
body  becomes  flattened,  and  thus  forms  the  oral  disc  or  peri- 
stome, in  the  middle  of  which  rises  the  cone-shaped  proboscis 
(Fig.  53  ph)  with  its  central  four-sided  mouth-opening. 
The  four  comers  of  the  mouth  are  placed  perradially  (Figs. 
54  C  and  55). 

The  first  four  tentacles  now  arise  over  the  four  gastral 
poaches,  and,  in  keeping  with  the  successive  appearance  of 
the  pouches,  those  over  the  first  pair  of  pouches  arise  first, 
and  then  those  over  the  second  pair.     A  cylindrical  en  to- 
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dernaul  cord  sfmw«  from  the  iijiex  of  each  gaotntl  punch 
diagonallj-  npwai-ds  ami  outwantn,  pushing  before  it  ihu 
ectoderm  of  tlie  onter  margin  of  the  perietome.  Tht-  ento- 
derm cells  iu  the  tentncalar  buds  Hoon  arrange  thcmselve* 
in  a  single  row  (Fig.  53  0. 

Other  important  fnndamenta  of  organs  are  reprvertitrd  bv 
the  septal  funnels  which  are  now  established.  Foar  funnel- 
like invaginntionsan  iderm  of  the  periiitoiiie  in 
the  interrailii  ■  thes"  into  sepia,  and  extend  down- 
wards as  solid  cord  i  !i  are  continnod  alonic  tho 
tKntoIie  and  even  bejona  lUes  ito  the  sialic  (t'ig.  ^■'t // ; 
Fig.  54  A  and  (',  tr).  In  thi"  ■  poi-tion,  the  colls  appear 
to  be  fused  with  one  An  d  on  their  siii'face  longi- 
tndinal  mnsclo  GbrilUe  Kv.  otiated,  so  that  the  fonr 
[septal]  tongxliidinal  m  it  ex  diof;  Iu  the  ta>niolte  arine 
in  thia  way  (Fig.  64  ^,  _.  ,m). 

The  young  .Scyphistoma  thns  produced  is  charactenEed 
theiefore  bb  n  goblet-shaped  polyp,  with  fonr  longiludinnl 
folds  (troniolee)  of  the  entodermal  sac  extending  npwarda 
as  fonr  septa,  which  are  stretched  between  the  body-wall 
and  the  invaginated  ectodermal  ceaophagDS.  The  stomach  in 
accordingly  divided  into  a  central  cavity  and  fonr  gastral 
pouches  (peripheral  intestine  [Kramdarm']),  which  lie  hv- 
tween  the  septa  and  are  dii-ectly  continaons  with  the  gas- 
tral  furrows.  Four  perradial  tentacles  are  attached  to  the 
margin  of  the  peristome,  while  four  interradial  septal  fun- 
nels extend  from  the  peristome  into  the  septa  and  tteniolB 
(FiR.  53). 

The  metamorphosis  into  older  Scyphistomea  (Figs.  M  and 
5-'))  takes  place  by  an  increase  in  the  number  of  the  t«D- 
tack's  and  other  changes,  which  efface  more  and  more  the 
original  charactern,  and  lead  by  a  gradunl  transition  to  the 
structural  plan  of  the  Ephyra. 

The  bu<ldin|{  o(  the  Untoclea  presents  many  irreguUritiei.  Hentofora 
it  has  been  beUcved  that  normallj  &tler  the  tonnat;on  of  the  first  tour 
tentacles,  radial  in  |>aaition.  the  dei'elD[)ment  dI  four  inte>T«dutl  onea  (i.e., 
placed  over  the  eepla)  took  place,  and  then,  after  all  these  eight  tentaclea 
hail  reached  the  same  Ivn^th,  ensued  the  development  of  eight  othera, 
lying  between  tbem  (therefore  odradial).  and  so  on.  According  to  Qdctti, 
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hDwevei,  the  tour  tentacles  that  immediately  saooeed  the  lour  primary 
ODea  UB  QOt  placed  over  the  upta,  but  bud  out  from  the  cornerB  ol  the 
gutral  poaohes  of  the  second  paii,  vhioh  lie  next  to  the  septa,  and  only 
gradually  more  into  posiUons  over  the  aepta.  In  this  way,  their  aiial, 
entodermal  cords  acquire  oonnections  with  the  gastral  pouches  ol  the 
second  pair.  Sinoe  the  gastral  pouches  ot  the  first  pair  soon  tollow  with 
the  tormation  of  foor  new  tentacles,  the  equivalence  ot  the  first  four 


Fis.  H.— DtAgnmnutlc  repreaonUlJon  of  the  stmctiirs  ot  an  older  Bcjphutoma 
(bsaad  npon  Ooitti,  tnm  HutcHii's  Ltliriticli),  A,  longitudlokl  Motion  ;  at 
tba  lalt,  parradial;  a)  tha  rtgbt,  IntanwIiaL  i  AB.nbitt  uiSi  o.  mouth  i  ■.  loner 
opeolDg  ot  Un  cuophagni!  pt,  gaaEnl  ponchu;  gr,  guiral  (nmiir  i  lo,  aepul 
nttnin;  (r.  aaplAl  fuauel;  «n,  septal  muaclfl  (the  dotted  line  docB  not  qoite  r«ach 
to  It)  ■  Bf  trmuTene  Motion  throngh  the  loner  part  of  the  bodj ;  gr,  (Teitrml  fur- 
row; i^Hptnm!  mi,  eeptal  moeclei    C.  Tian  of  tha  oral  side  (rererencuaa  In  A). 

primary  gaatral  pouches  is  established  for  the  first  time  in  the  sta^e  with 
twelve  arms-  Oorrrs,  therefore,  maintains  that  the  numerical  series,  4, 
13,  20,  28,  etc.,  is  the  primitive  one  for  the  buddiuR  ol  the  tentacles, 
whereas  the  actually  observed  series,  4,  B,  16,  24,  32,  etc.,  corresponds  to 
a  ctEnogenetioally  modified  condition.  It  should  be  meotioued  that  the 
formation  of  each  new  tentacle  takes  place  by  an  oatfotding  of  the  cor- 
reaponding  part  of  the  gastral  pouch,  so  that  in  reality  a  small  secondary 
gastral  pouch  is  produced  with  every  tentacle. 


U2 

The  fu,-thoi 
consistB  ill  a 
oesophagu^i  ^t 
and  the  L-aflri 


open  towni- 
depressuiij, 
ally  flat  j,,-,' 
of  tho  stth-ii 
become  moi 
liriain],  whi 


^. 


Lietamorphotiia  of  the  developing  Scyphtatomit 

videninf^  of  the  central  stumach.  wlier*by  ihp 

liiallymovea  into  tho   proboSLHs  (Fig.  54   A\ 

poaches  tend  to  become  oblil«rulvd.     At  tho 

liL'  fntrances  to  the  four  funnels,  which  are  widely 

■\  tlio  peristome,  pi-oduce  a  uirculnr,  (i^ronve-lilce 

iiivolvltig  the  entire  eiroumfcnfnoe  of  the  ori|fin- 

istome,  ipproochea  the  bell  Hhape 

titlirell  the  pittboscis,  which  ha« 

-c  c]ei  \  to  the  ural  tube  [mano- 

le  the  separated  by  thu  *L>ptn, 

vaent  the  periphrml   in- 

a  no   (yCrniurfarm)   of    the 

// ;  I  n«a.      Th»    Scyphutoma, 

'I  If    ^  ^  raduat  mft-imorjAotei,  hat 

^„       fralure*   thn    tlruciuTv    of    thf 
!^^  medHM  {comp.  Figs.  A*  A  tmA 

t   57). 

In  most  of  the  other  Diicopbon, 

" T  ..I  the  development  of  the Scjphisloma 

ft ~Am^  seeraa  to  take  pisoe  in  qoite  the 

Fio  6S.  —  ScTi.hiiiinin*  o(  A<iTi\ia  same  *By,  especially  in  Col^t'rAijii 
surita.  pb,  prnlmscii :  (r.entnnrs  into  borbo'iiea  iKowiLEVBKT,  QoiTTE) 
ihs  Hpwl  infunihlml-im :  (.  tieniolei  and  Cyauia  eai-itlata  {Ba»,  V*M 
.t,««llii  *, .diiMii-e infts«.  Beneiibn,  Aoassiz),  where  tbeeggs 

likewise  uDclergo  the  first  eta^es  ol 
development  attached  to  the  oral  arms,  and  enveloped  in  a  ilimy  jell;. 
On  the  other  hand,  the  early  development  in  Chryiaara,  a  form  which 
is  also  striking  on  account  of  its  hennaphroditism,  prsseDts  notable  de- 
viations (Claub.  No.  103  and  No.  3).  Here  terlilizalion  and  the  entire 
embryonic  development  take  place  within  the  ovary,  ko  that  the  larva 
are  not  bom  until  they  reach  the  planula  stage.  The  very  small  mem- 
braaelesa  eggs  are  surrounded  ia  the  ovary  by  a  pedunculated  follicle, 
which  ones  its  origin  to  the  cells  of  the  germinal  epithelium.  Fer- 
tilization and  cleavage  are  Iranslcrred  to  an  early  stage  in  the  de- 
vetoproent,  so  that  al  thu  same  lime  with  the  embryonic  development 
there  is  a  considerable  growth  of  the  embryo  as  the  result  ol  a  con- 
tinual supply  ot  food  iiialerial  on  the  part  of  the  parenL  Tbia  food 
■upply  is  provided  by  the  follicular  cells.  In  these  particulars  the  de. 
velopmenl  of  the  egg  and  embryo  of  Chrysaora  recalls  that  of  the  vivi- 
parous Aphidie  and  the  I'olyphemidie  among  the  Cladoceis.    In  other 
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respects  the  phenomena  of  the  embryonic  development  are  essentially 
the  same  as  those  we  have  described  for  Aurelia.  By  means  of  total  and 
equal  cleavage,  a  coeloblastula  arises,  out  of  which  by  infolding  an 
invaginate  gastrula  develops,  whose  prostoma  remains  open  for  a  con- 
siderable time,  but  finally  closes  completely.  From  observations  by 
BuscH,  it  appears  as  if  reproduction  of  the  embryo,  by  means  of  longi- 
tudinal division,  frequently  took  place  at  this  stage.  This  recalls  the 
occurrence  of  fission  in  the  blastula  of  Oceania  armata,  according  to 
Metschnikoff  (p.  49).  In  the  stage  of  the  ciliated  planula  the  larvas 
of  Chrysaora  pass  from  the  ovary  into  the  gastral  cavity  of  the  parent, 
and  thence  to  the  outside  world  through  its  mouth.  A  glandular  modifi- 
cation of  the  ectoderm  of  the  anterior  pole  of  the  larva,  by  means  of  which 
the  attachment  subsequently  takes  place,  can  be  recognized,  whereas  the 
posterior  (oral)  pole  is  characterized  by  the  appearance  of  nettle  capsules 
(Glaus). 

The  opaque  whitish  or  yellowish  eggs  of  Nausitho^  are  laid  singly,  and 
are  characterized  by  a  gelatinous  envelope,  provided  with  nettle  capsules 
(O.  Hkrtwig).  Cleavage  is  here  total,  and  in  the  first  stages  unequal, 
though  finally  a  coeloblastula  with  walls  of  nearly  uniform  condition  is 
produced  by  the  gradual  obliteration  of  the  great  differences  in  size  be- 
tween the  blastomeres.  The  blastula  changes  into  an  oval,  ciliated  swarm- 
ing larva,  the  cells  of  which  are  thickened  at  the  posterior  pole,  where 
the  gastrula  invagination  takes  place.  After  invagination  the  blastopore 
becomes  completely  closed.  Metschnikoff  (No.  12),  to  whom  we  owe 
the  knowledge  of  these  processes,  was  able  to  observe  the  attachment  of 
the  planula,  which  is  accompanied  by  the  development  of  a  discoid 
l>asal  expansion,  and  its  metamorphosis  into  a  small  scyphopolyp  pro- 
vided with  four  tentacles  and  covered  with  a  thin  layer  of  periderm,  so 
that  metagenesis  has  been  proved  for  this  form  also.  Metschnikoff 
believed  that  he  was  justified  in  assuming  that  the  Spongicola  fistularis 
of  F.  E.  ScHOLZB  (Stephanoscyphus  mirabilis,  Allman),  which  is  para- 
sitic in  sponges,  and  in  which  Kowalevskt  seems  to  have  observed  a  kind 
of  strobilization,  is  the  Scyphistoma  form  of  Nausitho^. 

Strobilization. — The  simplest  form  of  reproduction  of 
yoang  medasae  is  represented  by  the  monoduc  strobila  (Fig. 
59  A),  occasionally  observed  even  in  Aurelia.  In  this  case 
only  one  young  medvLsa,  (Ephyra)  separates  from  the  Scyphis- 
toma. While  the  adoral  tentacle-bearing  portion  of  the  scypho- 
polyp is  by  gradual  changes  converted  into  the  form  of  the 
Ephyra,  it  becomes  separated  by  means  of  a  circular,  trans- 
Terse  furrow  from  the  basal  portion  of  the  body,  and  finally 
detaches  itself  completely.  The  basal  remnant  can,  by  re- 
generation of  the  oral  portion,  grow  again  into  a  complete 
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scyphopolyp,  ftiid  Bnbseqiioittly  go  throngU  the  proeom  of 
strobilizatii>n  !if,'ain,  and  so  on. 

In  most  lusus,  however,  new  transverse  forrowe  make 
their  appeiiriiiice  on  ihe  bnsftl  part  before  the  deUchraent  of 
the  first  K|>!iyni,  go  that  on  the  elongated  cup  of  tbe  BCjplicv 
polyp  a  wb.ilc  Het  of  EpbjriB  (ten  to  thirty)  nn-  doveloptxl  at 
appmximati.'ly  the  ea.Tne  time:  bnt  of  these nnj  one  that  i« 
nearer  to  lln;   bai  j-onnj^r  than  thu^e  dJatftl 

to  it  (}M'lydi.-<r  ulrot  d  61  » — lo).     In  tliia  nao 

also  tbe  basiil    po  rodocco  hnlh  a  drcio  at 

t«nta€]e5  anil  the  on  icypliopolyp,  and  in  thn* 

enabled  to  oiintinue  aa  a   scypbopolyp    «rkrn 

the  prodaot.iiKi  of  ]  A.  pnlydisc  stmliila  cjin 

be  derived  fi-om  a  n-^uuM  lo  foi-mer  new  trHnsvprni' 

divisiona  ftill.iw  one  anot        •,  idly  tliat  a  larg«  number 

of  Ephyne  mc  in  process  of  aev...opn]ent  at  the  samp  tim«. 

The  omi  portion  of  a  scyphopolyp,  in  metamorphnnng 
into  an  Ejihyra,  moKt  uiidt'i^o  certnin  changps,  part  nf 
which  make  their  appearance  l>cfore  the  (iret  indicatioo  of  an 
abstrictiiin  is  produced  by  the  circular  furrow.  The  most 
impot-tnnt  internal  cimtige  is  introduced  by  tbe  disappearance 
of  the  septa  and  the  peripheral  communication  between  the 
four  ifastral  pouches  which  is  thus  brought  abont.  Sinee 
the  cntodermal  columns  of  the  four  septal  tentacles  are  con- 
tinoous  with  the  walls  of  both  the  gastral  pouches  adjoining 
the  spptum  (p.  Ill),  tbero  is  produced  at  this  place  a  con- 
nection between  the  neighbunring  gastral  pouches.  At  this 
point  a  small  perforation  now  arises  in  the  septum  (Fig.  &+ 
go),  but  this  very  soon  widens  to  such  an  extent  that  only 
the  thickened  inner  margin  of  the  septum,  which  is  tra- 
vei-sed  by  the  septal  infundibalum,  is  preserved  (Fig.  5? 
so).  Hy  the  formation  of  these  teptal  ostia,  the  four  gastral 
pouches  coalesce  into  a  common  peripheral  gastral  chamber 
(peripheral  inteiftine)  [KTatizdarm].  The  fonr  septal  infundi- 
hula,  clothed  by  an  entodermal  covering  (remains  of  the 
septa),  now  traverse  the  gastral  space  in  the  form  of  fonr 
columns  (colnmella),  which  are  not  attached  to  the  wall  of 
the  central  stomach  except  at  its  bottom. 

A  further  change  is  brought  abont  by  the  disappearance 
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of  the  Scyphistoma  tentacles  and  the  growing  out  of  the 
margin  of  the  peristome  into  a  lobed   crown  consisting   of 
eight  (four  perradial  and  four  interradial)   marginal    lobes 
(Fig.  56).     Since  the  marginal  lobes  are  not  formed  by  the 
outer  body- wall  alone,  but  contain  a  corresponding  diverti- 
culum of  the  entodermal  sac,  the  peripheral  gastral  chamber 
in  this  way  acquires  eight  blind  sacs :  the  lohe-pouches  (Fig. 
58  I),     The  marginal  or  primary  lobes    {^Stammlappenl  soon 
develop  three  pi'ocesses  at  their  ends,  of  which  the  middle 
one    buds     forth    from     the    sub-umbrellar    part    of    the 
lobe  at  some   distance   from    the   margin, 
and  becomes  the  sensory  body  [Sinneskolbe] 
(*/f),  while  the  two  lateral  processes  bud 
forth  from  the  margin  and  become  the  alar 
lobes.     Inside  of  these  are  found  the  alar 
pouches  (Fig.  58  /)  as  prolongations  of  the 
lobe-pouches;    in    the    sensory   body    also 
there  is  found  a  prolongation  of  the  gastral 
entodermal  layer,  which  is  destined  to  pro- 
duce the  otolith  crystals. 

The  peripheral  gastral  chamber  up  to 
this  time  was  simple  and  undivided,  and  at 
its  periphery  ran  out  into  the  eight  lobe- 
pouches.  Since  the  disc  of  the  developing 
Ephyra  is  always  flat,  the  upper  and  lower 
(ez-umbrellar  and  sub-umbrellar)  walls  of 
the  peripheral  gastral  chamber  are  very 
close  to  each  other,  and  these  two  walls 
now  grow  together  from  the  margin  inwards  at  sixteen  regions 
of  the  circumference  [the  shadiBd  areas  in  Fig.  58],  and  thus 
form  sixteen  radial  fusions  or  concrescence- bands,  which  are 
situated  sub-radially  {i.e,  between  the  per-,  inter-,  and  adradii). 
In  this  way  the  marginal  part  of  the  peripheral  intestine  is 
separated  into  sixteen  marginal  pouches  (radial  peripheral 
pouches.  Fig.  58  m),  which  are  separated  from  one  another 
by  the  concrescence-bands  (cathammata).  Eight  of  these 
marginal  pouches  are  situated  in  the  per-  and  interradii,  and 
are  continuous  with  the  lobe-pouches,  while  eight  others 
are  adradial  and  interpolated  between  the  former.     In  later 


Pig.  66.— Strobila 
polydiscaof  Aurelia 
aurita.  On  the  up- 
permofit  Ephyra  the 
Scyphistoma  ten. 
tacles  in  process  of 
degenerating. 
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stages  ilif  inarpinftl  pouches  bepomo  ndtmwrr  nix)  mnrp 
apart;  tiio  siitepii  regions  of  fasiun  [enthamraatii]  ibDN 
spread  oat  into  a  bilaminar  plate,  whioh  cvmiiwtti  alt  nf  llit- 
mai-ginal  pouehes  with  one  another:  the  medutaid,  ttuteular, 
or  ealhammal  jitate. 

The  iletachnient  oE  the  Ephj'ra  now  tnkiMt  plnct',  and  from 
this  time  on  it  moves  about  freely  bj  rhjthmiual  contmotionn 
of  its  ilisi-oitl  hoj^,  thi  nt  of  attachment  beinf; 

dii-ected  upwards,  and  im  downwards  (Kig.  61, 

ii)'     The  colttnielln,  'nm  [npntly  tbn  means  of  ihv 

final  coonectiiin  with  t1  id,  now  drg^-nftratp.     It 
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is  probable  that  the  lost  metamorphosed  remnant  of  tb« 
si'ptal  infundiliula  can  be  recognized  in  the  fonr  snb-genital 
eavilies  fp.  r2J)  lying  on  the  sub-nmbrellar  side  below  th« 
gonuda  of  the  mcdasa.  With  the  degeneration  of  the 
columellip  the  boundnry  between  the  central  stomacb  and  the 
peripheral  intestine  entirely  disappears,  and  the  boondary 
at  which  the  ectoderm  of  tbe  cesopbagns  is  continnoas  with 
the  entodermal  lining  of  tbe  peripheral  intestine  is  indicated 
only  by  means  of  four  tentacnloid  gastral  filaments  (Figii. 
57,  b8  gf),  which  have  badded  forth  at  tbe  bases  [oral  ends] 
of  tbe  eolumellffi. 
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The  Epbyra  (Fig.  51,  u  and  12,  and  Fig.  58),  accordingly, 
possesses  a  flat,  discoid  body,  from  the  under-side  of  which 
the  mannbrinm  hangs  down.  The  margin  is  prolonged  into 
bifid  marginal  lobes,  each  one  of  which  bears  a  sensory  body 
between  its  alar  lobes.  Four  of  these  are  perradial,  and 
correspond  to  the  radii  of  the  oral  cross,  whereas  the  foor 
interradial  ones  fall  in  the  radii  of  the  gastral  filaments.    The 


Pig.  6S.— DiaKrammstic  figure  of  an  embryo  of  an  Ephyra.  0,  orneiform  mouth* 
<>P*ii^i^ ;  9f*  gastral  filaments ;  I,  lobe«poaches  ;  /,  alar  {louches ;  c,  cathammata, 
or  regions  of  f  asion  of  (he  peripheral  intestine ;  sfc,  sensory  bodies. 

broad,  flat  gastral  space  is  prolonged  into  sixteen  peripheral 
marginal  poaches,  which  are  connected  by  means  of  the 
vascular  plate.  Of  these  pouches  the  eight  perradial  and 
interradial  ones  are  directly  continnous  with  the  lobe-pouches 
and  alar  pouches.  The  ectoderm  on  the  oral  side  of  the  disc 
(snb-umbrella)  forms  a  broad,  band-like  circular  muscle, 
while  paired  longitudinal  muscle-bands  stretch  along  the 
marginal  lobes  and  into  the  alar  lobes. 

Hypogenetic  Development  of  the  Larvae  of  Pelagia. 
— Schneider  (No.  113)  and  Haeckel  (No.  107)  have  already 
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oiMprved  that  the  Bcyphopulj-pit  of  Anrolia  anrica.  w)i«n 
they  arc  placed  ia  nnfAvonrable  conditions  (for  oxAtnpIc-,  in 
aquftpia),  allow  little  iuflinntiun  to  form  pol^discoiis  strobiia-, 
but  fi-equenlly  develop  onlj-  moDodisnooa  strobiliv  (Kig-  ''W 
A).  In  fact,  Hakckel  obscrTtKl  in  c«rt&ia  oues  tliat  i\\p 
transverse  di vision  of  the  Bcjphopoljrp  metaniorphotiiiiff 
■-*'■  —  '■■■hyra  in  alti^etht^r  Hnp- 
l)ial  the  eultre  budy  uf 
cuuvurted  into  the  adttli 
M  i»  Uakcikl's  Bomlled 
nruiala  (Ftf;.  59  B),  which 
L  in  th«  MltMched  iu>  wull 
rce-Awiinming  condition, 
ort)  tho  altvrnntiiw  of 
^eucr  is  umittod,  and  %  liiiBpIt 

utetuntorpiirutia      (hjpogonMb)      but 
ttikcn  it«  pince. 

Tbf  Ifittcr  condition  is  the  noTinftl 
and  oiilj  one  in  Pelagia  noeliluca,  the 
duvclupinunt  of  which  has  been  made 
known  thi-ough  Kkoiis  (No.  lU9), 
K<)WA[,KvsKT,  nnd  Metschmkoff  (No. 
1'2).  In  this  case  theiv  is  first  formed 
n  biastuin  which  has  a  large  cleavaf^ 
cavilv,  and  Boon   becomes  covered  on 


4 


the    I 


rfoce 


rella. 


At 


B.  Bpbjrn 


^^j     fiame  time  an  invagination  from  the 
lie-     ])OHterior  pole  is  formed,  which  lends 
'""'■  to  the  development  of  a  f^stral  cavity 

which  docs  not  by  any  mean.H  completely  till  the  space  of  the 
primitive  cleavage  cavity  (l''i(t-  <J0  j4).  The  blastopore  does 
not  close,  but  becomes  tlie  moutli  of  the  larva.  A  shallow 
depression  ia  vei'y  xivm  noticeable  at  the  po.stenar  end  of  the 
free-Bwit[iming  lai'va,  in  the  middle  of  which  the  part  sur- 
rounding the  mouth  projects  in  the  form  of  a  cone  (Fig. 
<i(l  B).  This  projection  becomes  tlie  oral  cone  of  the  Ephyra 
(Fig.  60  (.',  m),  and  the  circular  depressioo  SQrroandiog  it 
the  umbrellar  cavity,  while  on  the  peripheral  margin  a  divi- 
sion into  eight  marginal  lobes  is  soon  noticeable,  into  which 
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the  gasiral  cavity  is  continned  in  the  form  of  lobe-pouches 
(Fig.  60  (1).  After  the  Ephyra  shape  has  thus  fonnd  ex- 
pression in  the  r^on  of  the  oral  polo,  the  larva  shortenn 
in  the  direction  of  the  chief  axis,  and  gradnally  aeaames  the 
flat,  discoid  form  of  the  Ephyra.  Meantime  the  larva  losen 
thccoveringof  flagella,  and  from  now  on  moves  like  a  medasa 
bj  the  regular  contractions  of  the  margin  of  the  diBc.  In 
Felagia  accordingly  the  larra  coming  from  the  egg  passes 
directly  into  the  Ephjra,  although  Goette  has  pointed  ont 
that,  owing  to  its  stracture,  we  must  regard  the  first  Ht^gen 
of  this  metamorphosis  as  free-swiroraing  Scyph  is  torn  a  stages. 


Fio.  so.-  Tlir*«  sMiaa  of  doielopi 
apening. 

Metamorphosis  of  the  Ephyra. — The  metamorphosis 
of  the  Ephyrn  ia  accompanied  by  a  con.stant  increase  in  the 
size  of  the  body.  The  sensory  bodies  of  the  Ephyra  beiiome 
the  eight  mai^iiial  bodies  [vhopalia]  of  the  medusa.  Since 
the  adjacent  alar  lobes,  from  which  the  ocellar  lobes  arise,  do 
not  continue  to  grow  with  the  same  rapidity  ns  the  rest  of 
the  body,  new  structures,  corresponding  in  position  to  the 
adradial  regions,  are  developed  in  the  matgtn  (adi-adial  or 
intermediate  marginal  lobes). 

The  simpleet  oonditiona  directly  referable  to  the  Ephyra  are  tound 
in  the  Ephyropsidn  (Mauaithoe),  in  which  the  sixteen  atar  lobes  ot  the 
Ephyra  are  retained  comparative!;  well  developed,  while  eight  adradial 
(intermediate)  tentacles  alternate  with  these.  The  pocket-like  marginal 
poncbes  separated  by  narrow  concrescence -bands  (Claub)  and  the  absence 
of  ann-like  protongatlong  of  the  angles  ot  the  mouth  are  »a  many 
characters  derived  diieutly  from  tha  Ephyra.    In  th:i  taaiilies  of  the 
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Pelagids  &nd  Cyanidn  ftlso  the  orisinsl  chftmeUr  oT  the  (n»t'ci'*>"il>i' 
system  is  preki'i\c[1.  the  Bixleen  mardiaal  (radial)  pouches  being  rstuocil 
as  broad  spai't-B  seiparaled  bj  aaly  narrow  ruiici*!'«c»ncv*b«ndii,  luid  not 
communicatiri;;  I'.v  imy  cirouUr  siniiB.  Mare  oomplicatfil  ounilitiuai  ftM 
founil  in  the  AurL'liidc,  the  melaniarphanB  of  which  Inim  tho  E)ih<m 
h&B  been  accm.ik'ly  dosoribed  by  Cucb  (No.  103  «nd  Ko.  3|  for  Aunlt* 
and  DiacomeiliiMi  lUuibrosa).  In  AarelU  the  eDiargDmimt  ol  thu  dlM 
ia  accoinpanib'4  liv  the  deTelopnieut  of  eijtht  inUrmMliata  (adiadial) 
marginal  lobt.'~,  oi\  11^  .o«  o(  which  Dameroiu  ohon 

tentacles.  am>tit^<"l  in  developed  (Fig.  61  >).    ttllile 


the  disc  thus  gradually  enlarges,  the  sixteen  maTginal  pouches  grow  out 
into  elongated,  narrow  radial  vessels,  between  which  the  oonorescenoe- 
bnnds  extend  as  broad  areas  of  the  vascular  plate.  By  the  separation  in 
places  of  the  two  lamelln  of  this  plate,  secondary  canals  are  developed, 
by  means  ot  which  there  is  formed  Hrst  a  zigzag,  and  subeeqaeutly  ft 
peripheral  circular  communication  between  the  diflerent  ndial  vetael* 
{riiiii  liniiiri.  besides  numerous  lateral  branches  ot  the  radial  veasels  (Fig. 
ijl).  The  lour  oral  arms,  beset  with  papills,  arise  as  outgrowths  from 
the  [our  anKlea  ol  the  mouth.  That  which  especially  inletMt*  ni  in  tha 
metamorphosis  of  the  Ephyra  of  Khizosloma.  made  known  by  Cue* 
(Nos.  3  and  103),  ia  the  metamorphosis  of  the  oral  stalk  [manubriam). 
The  broadened  ends  of  the  four  oral  arms  grow  out  into  bi(areat«  lab«i, 
thus  producing  the  fundaments  of  the  eight  oral  amu,  wbila  by  > 
similar  process  of  growth  at  the  ends  of  these  the  tundsmeni*  of  tb* 
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doml  tufts  IDonalerl^pen}  ot  the  lower  part  of  the  arm  arise.  The 
(andunents  ot  the  shODlder  tufts  [BchulUrkraufin] ,  or  acapulettes,  arise 
in  pairs  aa  papillary  eleTationa  in  the  ei);ht  radii,  and  only  Hubaequently 
assome  an  adradia!  position  (Clids)-  The  lateral  margins  ot  the  arms, 
irhicb  are  bent  imdei,  now  grow  together,  so  that  there  arise  from  the 
brachial  tnrrowa  elosed  canala,  which  open  to  the  outside  world  by 
means  of  the  so-called  {unnela,  rhizastomes  or  oacula  aucloria  (originall]' 
lateral  toids  ot  the  margins  ot  the  arms).  As  the  last  trace  of  the 
mouth,  closed  by  concrescence,  we  find  the  central  cruciform  oral  raphe. 


>l  loDKitndinal  teotinn  through  a  ScyphomB- 
Dgare  b;  Cuci).    S.  radial  rwaeli  Ri,  marerlnal  bodiM  (rfao. 
r  lobM;  Qi,  genital  (inDij   Q,  geniUt  band^  Gf,  gsMral  flJa- 
meDU ;  Qm,  gutn-gealtal  membrana ;  8.  tab-jteaital  lioiu. 

An  acoount  of  the  metamorphosis  of  one  ot  the  Versuridee  (Stylorhisa 
punctata)  has  been  given  by  v.  Lendenfeld  (No.  110). 

We  have  still  to  mention  certaia  oi^aiis  which  are  de- 
veloped at  the  places  originally  marked  by  the  four 
degeaerating  colnmellse,  i.e.  in  the  interradii.  These  are, 
first  of  all,  the  gattral  filametUg  and  the  genital  band.  In  the 
yoangest  Ephyrie  only  one  of  the  gastral  filaments,  which 
originally  budded  forth  as  tentacle-like  growths  at  the 
base  of  the  colamellie  (Fig.  57  y/),  is  found  in  each  inter- 
radins.  However,  their  nnmber  is  soon  increased  (Fig.  58 
gf),  and  finally  nnmerons  filaments  occur,  uaaally  an-anged 
in  a  curved  line  corresponding  to  the  inner  side   of  the 
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genital  banti  ( Fi^.  (52  G),  whiuh  is  now  developing  as  a  folil 
of  the  gastMl  «  all.  The  aeKoal  produota  uriw  (rom  fIcravniH 
of  the  wall  [.f  this  fold,  are  ripened  (Fij?.  tl2)  betwwto  ila 
two  lamello'.  and  by  the  dehisceute  of  the  wall  pusa  inlu  tlic 
ffastrfti  caviiv,  whence  they  reach  theoutaido  world  lhii>n^b 
the  mouth.  The  space  luiderlyiag  thU  fold  and  commnni* 
eating  with  tlio  gas*—'  "-^:*"  :=.  called  the  gmital  tiuUM 
(Fig.  G2  Gs).     Th«  ivhich   is  usually  hor«!- 

shoe-shaped,  is  ofl  tlia  inteiradias.  ao  that 

we  then  find  in  lii    eight    paired   ij<inad*. 

which  are  often  n  liiilly  placed,  a  i-ouditiun 

which  probably  mv  on  ns  the  primitive  one. 

With    the    pnii,'reshi.  the    thickncM    of    tln» 

mesogltca,  whii'h  gn  ■  at  the  four  earner*  of 

the  mouth,  iiiti>  massive  oro  is  in  tha  inlomulta] 

region  a  mini-  and  more  marlcea  ae.elopment  of  an  tnvagioa- 
tion  of  the  outer  surfuce  of  the  body,  which  la  calli^  the 
sufc-ffe?ii/(ii  r.i,,*(,  (Ki<r.  Oli  .S),  and  in  iN  earliest  hezinniuKO 
is  perhaps  to  be  referred  to  the  cavity  of  the  septal  infandi- 
bula.  While,  accordingly,  the  body-wall  of  the  medasa  is 
thickened  by  an  inei-cafic  of  the  mesogloea  all  around  this 
place,  it  here  remains  il><  a  very  thin  gnstro-genital  inembrane 
(Fig.  62  Gm),  which  in  many  forms  {e.g.  Pelagia)  shows  a 
tendency  to  piotrude  outwards  like  a  hernial  sac,  so  that 
in  this  way  a  genital  tac  (gaalro-geiiilal  pouch)  projecting  into 
the  Bub-geiiital  sinuH  is  developed. 

Wliile  one  mi);ht  conclude  trom  the  Blnicture  of  the  adnlt  i^ital  band 
that  it  was  developed  by  a  bimplc  folding  of  the  sub-unibrellkr  wall  ot 
the  stoniuch.  (he  invesliKatiooa  of  v.  Lenpentrli)  and  Himan>  show 
that  the  earliest  fundament  of  the  Reaital  band  is  merely  a  tbickenins 
of  thiu  wall,  and  that  an  elevation  ot  this  thickening  in  the  form  of  a 
fold  riots  not  take  place  until  later,  when  an  invagination  pusbet  forward 
more  and  luure  from  the  distal  side,  thus  producing  the  genital  sinos. 

General  Considerations. — The  fact  that  in  ■the  eggs 
of  most  Scyphomedusie  a  Scyphistotna  sl^^  is  first  de- 
veloped, and  that  this  stage  is  also  indicated  in  the  modified 
development  of  Pelni;ia  (Goettk),  shows  that  we  mnat 
imagine  the  ancestral  form  of  the  Scyphozoa  as  an  attached 
Anthozoa-like  polyp,  which  originally  possessed,  in  addition 
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to  the  power  of  sexaal  reproduction,  that  of  non-sexual 
reproduction  by  budding  and  division.  In  reproduction  by 
means  of  transvei-se  division,  the  basal  peduncalar  end  of 
the  divided  polyp  must  have  reproduced  a  new  oral  part, 
whereas  the  detached  oral  portion  had  to  move  away  from 
the  place  of  its  origin  and  seek  a  new  place  of  attachment. 
Before  it  could  attach  itself,  however,  it  must  by  growing 
have  reproduced  the  apical  part  of  the  goblet-shaped  body 
and  the  stalk,  so  that  in  this  way  there  arose  two  individuals 
of  the  same  form  as  the  parent.  In  this  migration  of  one  of 
the  offspring  of  the  division  was  furnished  the  motive  for 
its  metamorphosis  in  the  direction  of  an  increased  power  of 
locomotion,  whereby  a  difference  between  the  form  of  the 
attached  polyp  and  that  of  the  free-swimming  medusa  was 
initiated.  From  what  has  been  said  it  is  not  to  be  wondered 
at,  that  the  two  forms  are  connected  by  gradual  transitions; 
nevertheless  we  shall  have  to  adhere  theoretically  to  the 
differences  of  these  two  morphological  conditions.  The 
medusa  is  therefore  a  morphological  phase  of  the  Scypho- 
zoa  which  has  proceeded  from  the  scyphopolyp ;  but,  owing 
to  the  assumption  of  free  locomotion,  it  is  more  highly  deve- 
loped, the  presence  of  sensory  bodies  and  marginal  lobes 
and  the  more  highly  organized  musculature  of  the  sub- 
um1)rella,  with  concomitant  increase  of  the  elastic  mesogloea 
of  the  umbrella,  being  characteristic  of  it. 

In  the  Calyco^oa  the  scyphopolyp  reaches  its  highest 
phase  of  development,  whereas  the  Peromedusse  are  to  be 
looked  upon  as  the  most  primitive  medusa  forms.  The  lat- 
ter still  repi*oduce  the  elongate  bell-shaped  form  of  the 
umbrella,  with  its  apical,  stalk-like  process,  derived  from  the 
attached  polypoid  ancestral  forms,  and  in  the  possession  of 
large  septal  funnels  resemble  the  scyphopolyps,  whereas 
the  development  of  the  margin  of  the  umbrella  marks  them 
as  mednsaB.  In  contrast  to  them,  the  EphyropsidaB  and  the 
corresponding  larval  Ephyra  form  appear  as  a  further  stage 
in  the  developmental  series,  in  which  the  apical,  elongate 
bell-shaped  part  of  the  umbrella  and  the  peduncular  rudi- 
ment have  been  lost,  and  in  which  the  septal  funnels  have 
degenerated.     We  must  explain  the  four  interradial  points 
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of  adhesioii  (septal  nodes,  Hakckel),  which  are  prespnl  in 
the  Ephyrnjisiilii' on  the  external  flide  of  the  row  of  gutmt 
filaments,  as  iln-  i-emains  of  the  coIamella>  corresponding  to 
these  fnnnelfi.  The  8em(eoti(omie  and  the  UhiEOBtoma>  nre 
derived  by  Uirthvr  metamorphoi^is  from  the  Kphjm  forni. 

If  we  iniaj,-inL-  that  in  the  »bove-s  up  posed  attached  an- 
cestral fortii    ii  dif'"""   "'  uiinnr.  inadti  its  ap{>ear&Dce  of 
ual   re  prod  act  ion 


hopol^p  form,  while  the 
WHS  eoiifiui'd  to  llie  free- 
ig  from  the  tranaTerac 
Itcrnntiun  ot  geniTatiuns 
m  would  in  t)iie  way  be 


sach  a  natnz-u  tlia^ 
waa  retained  by 
generation  of  the 
swimming  {nieduB 
division,  the  oripir 
characteristic  of  t 
explained. 

Whereas  tlie  ttndeney  as  to  nnite  the  Hydroxoa 

and  Scjphfiriit'ihiSK  into  a  eomm  i  group,  in  more  rvccnt 
times  onr  coTiception  has  led  to  a  complete  separation  of 
these  two  divisions.  O.  unm  R.  HunTwru's  (So.  P)  d.vrtrlru 
of  the  diphyletic  origin  of  the  raednsa  form  and  their  dis- 
tinguishing between  Ectocarps  and  Entocarpe  first  prepared 
the  way  for  this  separation.  Although  various  persons, 
especially  Clacs  (No.  102),  had  previously  placed  importance 
upon  the  presence  or  absence  of  the  tienioln,  which  are 
also  possessed  bj'  the  polyps,  as  characteristic  differences, 
nevertheless  the  sharp  separation  between  the  scypbopolyps 
and  the  hydropolyps  was  first  established  by  Goettb  (No. 
105).  Od  the  other  hand,  the  observations  of  Gokttr, 
especially  the  discovery  of  the  ectodermal  natnre  of  the 
(PBophngus  in  the  Scyphistomie,  have  led  to  approximatinff 
this  group  to  the  Anthozoa,  so  that  recently  varioas  authors 
(Lanij,  Hatschek),  in  accord  with  Goktte,  have  united  the 
two  groups  OH  Sryphozoa.  It  mufit  be  mentioned,  however, 
that,  the  scypbopolyps  are  scpai-atcd  from  the  Anthosoa  by 
the  possession  of  septal  infundibola,  and  by  the  ectodertnftl 
origin  of  the  longitudinal  muscles,  to  which  are  to  be 
added  as  distinctive  characters  differences  in  the  on^n  of 
the  first  four  gastral  pouches  and  many  differences  in 
general  histological  character — greater  development  of  the 
mesodermal    tissue    in    the   Anthotoa.    Even  thongh    we 
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assQme,  then,  that  Scjphomedusse  and  Anthozoa  are  de- 
scended from  a  common  polypoid  ancestral  form  which  was 
already  characterized  by  the  possession  of  an  ectodermal 
oesophagas,  still  the  direct  union  of  the  two  groaps  does  not 
seem  to  be  as  yet  sufficiently  established. 

General  Considerations  on  the  Cnidaria. — The  Cni- 

daria  constitute  a  very  homogeneous,  well-defined  branch  of 
the  animal  kingdom.  We  assume  that  the  fundamental  and 
ancesti-al  form  from  which  they  are  derived  was  a  polyp 
similar  to  Hydra,  the  chief  axis  of  which  was  the  same  as 
in  the  preceding  free-swimming  ancestral  form.  A  free 
oral  pole  and  a  pole  of  attachment  can  be  distinguished. 
The  latter  corresponds  to  the  anterior  pole  of  the  free- 
swimming  ancestral  form.  The  radial  type  in  the  structure 
of  the  Cnidaria  has  arisen  in  connection  with  the  attached 
mode  of  life,  whereas  in  many  Cnidaria,  as  the  result  of 
stock-formation,  a  bilaterally  symmetrical  type  is  second- 
arily developed.  It  appears  that  even  the  ancestral  form  of 
the  Cnidaria  had  developed  the  quadriradial  structure,  so 
that  those  forms  in  which,  on  acconnt  of  the  arrangement 
of  the  tentacles,  no  definite  secondary  axes  can  be  recognized, 
like  the  Corynidm  and  Clavidce,  would  represent  a  secondary 
modification.  The  growth  of  the  Cnidaria  frequently  takes 
place  by  the  typical  intercalation  of  new  radii  between  those 
already  present  (Hatschek). 

The  Hydrozoa  are  derived  directly  from  this  Hydra-like 
ancestral  form  (Archihydra) j  whereas  the^  common  ancestral 
form  of  the  Anthozoa  and  Acraspeda  is  developed  from  it 
by  the  formation  of  an  ectodermal  oesophagus  and  radial 
septa.  The  presence  of  the  longitudinal  muscles  in  these 
septa  indicates  that  they  were  developed  in  connection  with 
the  attached  mode  of  life.  In  the  ontogenetic  series,  it  is 
true,  the  septa  often  make  their  appearance  before  the 
attachment  and  before  the  development  of  the  tentacles, 
from  which  Goette  concluded  that  there  was  an  ancestral 
form,  called  a  Scyphula,  common  to  the  Anthozoa,  Acra- 
speda, and  Ctenophora,  which  was  characterized  by  a  free- 
swimming  mode  of  locomotion  and  by  the  possession  of  an 
oesophagus  and  radial  septa.     It  is  possible,  however,  that 


ontogeny  Aoes  not  repreaent  th«  primitive  condition   in  tliia 
regard. 

The  attflchcil  polj'p  fru-m  rMors  in  the  ontoffeny  of  most 
Cnidaria.  In  the  Anthozon  and  LiicernaridK  it  constitute 
the  odnlt  animal ;  in  tho  tlydroxoa  it  is  i^o-urdtnate  with 
the  HydromcdnSa ;  whereaa  in  the  Acraapod*,  iu  comp&riiKia 
with  the  highly  derelnot^d  mndnntL  form,  it  muat  in8t«4ul  be 


considered  as  tha 
mednsiG,  Pelngiu) 
larvKi  into  the  me 
also   certain  eondil 
OS  mollified  polypoid 

Tlip     developmeni 
(meilti»;Le)    did   not    tut. 
into  hydropolypa  and  s 
in    the  two  gi-onpa   indepemieniij. 


tany  moduKio  (Trachea- 
from  tht)  froe^awimmiufr 
53  and  116).  Bat  here 
uont  can  be  interpreUd 

mmin^      sexual      furnm 

itil  »fter  the   avpamtion 

(,  and  therefont  oocnrrtd 

The   difterencpn  in  or- 


^nixation  between  the  hydroid-  xnd  scyphopniypit  ar« 
exphkined  by  tlie  different  fitruptiire  of  their  pol^-p  forms 
and  by  their  independent  development.  The  bydroid- 
meduNa  is  developed  as  a  lateral  bad,  whereas  the  BtrobiU* 
tiun  of  the  Scyphomeduxiie  is  to  be  explained  as  a  process  of 
tranaverae  division.  The  medusa  muat  be  explained  as  a 
polyp  which  acquired  powers  of  free  movement,  and  as  a 
result  of  this  underwent  certain  changes  in  form.  The  firat 
caiiBe  for  the  evolution  of  such  locomotion  we  have  re- 
cogniEed  in  the  migration  which  in  non-sexoal  reprodaction 
(division,  budding)  the  detached  portion  must  undertake 
before  attaching  itself. 

An  oppoiiile  explanation,  which  is  based  chiefly  on  the  ocenrrence  o( 
hypo«enelic  forms,  and  which  sees  in  these  themore  primitive  condition*, 
starts  from  a  froe- swimming  medusoid  aacestrol  form,  the  Utvk  ot 
which,  also  at  tirsi  leading  a  pelagic  life,  had  secondarilj  acquirod  the 
attached  made  of  life  and  reproduction  b;  budding  or  division.  The 
polypoid  forms  would  then  have  to  be  considered  sb  canofisnetieally 
interpolated  larval  conditions  (C.  Vihit.  No.  115  :  BnooKS.  Ko.  17).  How- 
ever, the  entire  structure  of  the  nieduam  points  to  a  primitive  attached 
ancestral  form  too  clearly  for  ua  to  grant  this  interpretation. 

In  the  seai^:h  after  thost;  hypothetical  free-swimming 
ancestral  forms  which  preceded  the  attached  Hydra-like 
form,  we  must  first   think  of  sncb  creatarca  as  are  repre. 
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sented  in  the  ontogeny  of  Pelagia,  for  example,  by  the  stage 
of  the  gastrula  invaginata,  i.e.,  a  ciliated,  ovoid,  free- 
swimming  form,  in  which  an  archenteron  opening  to  the 
ontside  world  by  means  of  the  prostoma  was  developed  by 
an  invagination  at  the  posterior  end. 

It  can  easily  be  explained  how  an  ovoid  blastula-like  heteropolar  an- 
cestral fonn  happened  to  develop  the  earliest  beginnings  of  the  archen- 
teric  invagination  at  the  posterior  pole  of  its  body.  In  the  case  of 
monaxial,  heteropolar  blastolar  larvsB  which  are  allowed  to  swim  throagh 
water  containing  particles  of  carmine,  it  can  be  seen  that  these  particles 
are  repnlsed  at  the  anterior  and  lateral  parts  of  the  body  by  the  move- 
ments of  the  larvaa,  whereas  they  are  crowded  together  at  the  posterior 
pole.  Here  accordingly  was  a  favourable  place  for  the  reception  of 
particles  of  food,  and  by  a  flattening  or  shallow  invagination  of  the 
posterior  pole  these  favourable  conditions  were  increased.  The  archen- 
teron therefore  in  its  earliest  beginnings  was  a  pit  in  which  to  catch 
particles  of  food. 

If  we  incline  to  the  view  that  the  hypothetical  ancestral 
form  of  the  Cnidaria  was  similar  to  the  gastrula  invaginata, 
then  in  most  Cnidaria  we  mnst  assume  a  secondary  change 
in  the  ontogeny,  for  the  typical  larval  form  of  the  Cnidaria 
is  the  planuUiy  a  form  in  which  wo  can  recognize  a  ciliated 
ectoderm  and  a  more  or  less  compact  entodermal  mass  within. 
The  taking  of  food  is  here  suppressed.  This  form  serves 
exclusively  for  locomotion  and  the  consequent  dissemination 
of  the  species  over  a  larger  territory.  In  attached  forms 
such  larval  conditions  are  of  great  importance  for  the  pre- 
servation and  distribution  of  the  species.  In  the  interest 
of  this  function,  the  archenteric  cavity  appears  to  have 
degenerated  in  the  plannla. 

It  is  probable  that  the  transition  from  the  free-swimming 
gastrula-like  ancestral  form  to  the  attached  polypoid  form 
was  brought  about  by  means  of  an  interpolated  creeping 
stage,  which  would  be  recalled  by  the  creeping  planula  of 
many  existing  forms  (e.g.  Lucemaria). 
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Tectonic— The  io|>1iore  cjttiibita  a  ehirf 

axis,  the  polos  of  ■  ,  one  by  the  poHilion  at 

the  month,  the  o<  ry  or^ui  locatt^il  »t  the 

apex.     Per|it'iiilii-  mlis  two  mntanlly  |ht- 

peiidicniar  nvui;i(ary  (LTsj  stiiigniMhod  ;  Uiey  u«  of 

□Deqnal  leii^'th,  aud  ai-o  iurti.^.  liatingnishtMl  from  each 
other  by  thi-  ilissimilar  organs  ocoarritiff  in  their  conmt-. 
The  plnne  ili.-lcrminpd  by  one  of  theao  two  secondary  axi-s 
and  the  chief  axis  we  designate  with  Clal's  (No.  4)  aa  the 
lateral  or  Irangverne  plane  {V'\^-  63  aa),  for  the  t«ntaclcs  are 
situated  in  it,  and  thus  a  comparison  with  the  Ut«ntl  parte 
of  the  body  of  the  Bilateria  is  permitted.  This  plftne  is  also 
called  by  Chis  (No.  3)  the  infandibniar  plane,  since  the 
part  of  the  gastro-canal  syntem  known  as  the  infandibnlam 
attains  its  greatest  dimensions  in  this  direction.  In  accord- 
ance with  the  comparison  with  the  Bilateria  above  men- 
tioned, the  plane  corresponding  to  the  other  secondary  axis 
is  called  the  sagittal  plane  (Fig.  63  fifi),  or,  according  to 
Chun,  on  account  of  the  extensions  of  the  stomach  occnrring 
in  this  direction,  the  gantral  plane.  The  body  of  the  Cteno- 
phore  is  divided  by  these  planes  into  fonr  qnadrants,  all  of 
which,  however,  ai-e  not  congruent  with  one  another,  aa  is 
the  case  in  quadrirodial  animals,  bat  only  the  diagonally 
opposite  ones,  each  quadrant  being  like  a  reflected  image  of 
the  neighbonring  ones.  Since  in  radiate  animals  each  radial 
part  (antimere)  is  divided  into  two  symmetrical  halves  by 
the  plane  of  its  radius,  it  follows  that  in  the  Ctenophora 
each  quadrant  corresponds  to  only  the  half  of  sncb  a  radial 
part,  and  that  it  becomes  an  entire  antimere  only  after  the 
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addition  of  a  second  adjacent  qaadrant.  Accordingly  the 
Ctenophora  are  radiate  animalt  with  ttco  raye  (Fr.  MiJLLEB, 
Clacr).  In  this  case  it  is  impossible,  though  of  no  conse- 
qnence,  to  determine  whether  we  onght  to  designate  the 
radii  of  the  sagittal  plane  as  perradii  and  those  in  the  trans- 
verse plane  as  interradii,  or  vice  versa.  By  the  uneqaal  de- 
velopment of  oi^ns  tying  in  the  plane  of  a  secondary  axis 
the  biradial  atmctnre  may  be  converted  into  the  bilaterally 
symmetrical  (for  example,  in  the  larval  form  known  as  Thoe 
1  by  the  development  of  a  single  tentacle). 


Fia.  Bl— llerUiufB  ntga  of  Encharu 
(tlut  Can),  ai»gn>nimM,le. 
ps,  axcntm?  pom ;  p,  polsr  pluei  at  cbe  ■ 
pMtsI  i  mt,  sutnl  Teueli  uid  r,  maridioiuL  v 

The  bilftleral  gymmetry  of  t*o  neighbouring  quadranla  of  the  Ct*no- 
pfaore  auflen  a  certain  derangement  by  the  posilion  of  the  two  excretory 
para-  For  the  inlnniljbiilum  communicates  with  the  exterior  by  means 
of  two  openings  situated  in  the  vioiaity  of  the  apical  pole  (Fio.  GSpo), 
iritieh  lie  in  two  diagonally  opposite  quadrants.  This  derangement  is, 
of  oonne,  to  be  eiplftined  as  the  result  of  the  suppression  of  two  pores, 
for  probably  there  was  originally  one  pore  present  in  each  quadrant, 
oonaaqnently  tonr  in  all,  a  condition  which,  according  to  E.  Hektwio 
(No.  13,  p.  S18),  is  retained  in  Callianita  bialata.  There  is  no  essential 
cbange  in  the  biradiate  structural  plan  of  the  Ctenophora  owing  to  this 
il  development  of  the  excretory  pores,  jtist  as  in  Ihe  Bilateria, 
n  organ  is  frequently  seen  to  develop  asymmetrically  nith- 
it  the  bilBtotal  type  being  thereby  destroyed  {Clmis). 


If  we  regard  iii\e,  of  tbe  croBs^ains  is  Iho  pemdiu;  and  the  otlior  u 
■he  interradiut.  we  mUBt,  in  MOOlduice  with  Iho  tonninoloiO'  omplojed 
above  (pp.  108,  115  I  for  the  meduaa,  desigaato  as  adrattii  titoae  [ailing 
between  peiradii  anil  intemdii.  b;  nieaos  at  whioli  each  •)UB<Innt  U 
halved,  vhereae  tlii?  eight  railii  lying  belween  Ihe  edradii  and  the  crow- 
axai  should  be  iiitenmlated  as  tubrmlii.  The  1att«r  would  nialiy  cam- 
apond  in  poaitiuii  lo  the  eight  ribs.  and.  (ollawinsi  tlie  anggestion  of  Cue* 
(No.  4),  we  shall  Ji:9ignatfl  those  lying  next  to  the  ugittal  plane  u  tu6> 
tagittal,  thoae  IrinK  neb  plane  a«  nhlraatvrrtt. 


he  vmbryonio  devclup- 
lo8cHlK^d  principaJlj  bjr 
14),  FoL  (No.  7>,  A. 
MtrrKCiiNiKOrF  (No.  1»>). 
lies  ID  a  noftr];  MimiUr 


Embryonic  Di 
nient  of  the  Ctonopi 
Allhan  (Nfi.  2),  Ki 
Agasbiz  (No.  1 ),  Cm 
It  takes  place  iti  tho 
manner. 

The  Ctendpiioi'a  are  bei-maphi-od  tic.  The  gPnuration  of 
sexuftl  prodiict);  takes  place  either  iiiterutittontlj  tbron)^hoat 
the  entire  jeiir.  n«  at  Naples,  oi-  it  in  L-oiifiued  to  the  Rummor 
inont)iB,aR  in  Northern  seas  (Trieste,  North  American  coast). 
Tho  egga  in  most  cases  are  deposited  singly  and  fertilieed 
in  tbe  sea-water ;  however,  the  laying  of  eggs  in  strings  of 
abont  ten  each  has  been  maintained  for  some  forms  (Plenro- 
brachia  Flera.  according  to  Kowalevsky,  Bolina  according  to 
A.  AoABsiz). 

The  eggs  of  tlie  Gtenophora  (Fig.  64)  are  enveloped  by  a 
delicate  strnctnreless  pellicle 
(vitelline  membrane),  which 
(Fig.  64  d)  is  rather  widely 
separated  from  the  surface  of 
the  egg.  The  space  thns  re- 
sulting is  filled  with  a  tram- 
parent  jelly,  in  which  tbe  egg' 
proper  is  so  embedded  that 
it  always  lies  at  about  tha 
middle.  The  strnctnre  of  tbe 
latter  recalls  the  eggs  of  the 
Siphonophora,  Geryonid«,  etc. 
We  can  distinguish  a  super- 
ficial layer  coDsisting  of  formative  yolk  (ectoplasm,  ek)  and 
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an  endoplasm  (en)  filling  the  inside.  The  latter  is  foamy, 
owing  to  the  existence  of  a  large  number  of  spherical 
vacaoles,  between  which  only  a  scant  reticulation  and  mesh- 
work  of  protoplasm  (formative  yolk)  is  left.  It  is  very 
probable  that  these  spherical  vacuoles  are  all  filled  with  a 
homogeneous,  slightly  refractive  mass,  which  has  sub- 
stantially the  characters  of  food-yolk.  Therefore  in  what 
follows  we  shall  occasionally  designate  the  entire  endoplasm 
merely  as  food-yolk  mass.  The  germinative  vesicle  is  found 
in  the  superficial  cortex  of  ectoplasm  (Fig.  64). 

Even  though  the  cleavage  in  the  Gtenophora,  as  we  shall 
see,  exhibits  its  peculiarities,  yet  we  can  on  the  whole  desig- 
nate it  as  total,  unequal  cleavage,  which  leads  to  the  forma- 
tion of  an  epibolic  or  circumcrescence  gastrula.  However, 
this  latter  type  of  gastrulation  is  not  preserved  in  its 
purity,  for  eventually  an  invagination  process  participates 
in  the  sinking  of  the  entoderm  into  the  embryo. 

The  first  furrows  that  make  their  appearance  are  to  be 
designated  as  meridional,  inasmuch  as  they  cut  through 
from  the  animal  to  the  vegetative  pole  in  the  direction  of 
the  subsequent  longitudinal  axis.  By  means  of  the  first  of 
these  furrows  the  egg  is  divided  into  two  equal  parts  (Fig. 
65  J)  ;  by  means  of  the  second  furrow,  likewise  extending 
in  a  meridional  direction  and  perpendicular  to  the  first, 
there  are  formed  four  cleavage  spheres,  arranged  crosswise 
(Fig.  65  Bf  F) ;  these  are  oriented  in  such  a  manner  as  re- 
gards the  embryo  resulting  from  them  that  each  cleavage 
sphere  cori'esponds  to  one  quadrant  of  the  embryo  (Fol,  No. 
7).  The  third  act  of  cleavage  leads  to  the  appearance  of 
additional  meridional  furrows,  which,  as  the  dotted  lines  in 
Fig.  65  F  indicate,  make  an  angle  of  45  degrees  with  those 
already  present.  If  this  cleavage  were  to  take  place  regu- 
larly in  the  way  indicated,  eight  large  cleavage  spheres  of 
equal  ^ze  lying  in  one  plane  would  result.  On  the  con> 
trary,  the  eight-cell  stage  presents  a  variation  from  this 
regularity  which  recurs  in  all  Ctenophora,  and  is  import- 
ant for  the  subsequent  formation  of  the  embryo.  For  the 
furrows  that  now  make  their  appearance  are  shifted  in 
such  a  manner  that,  as  is  indicated  by  the  dotted  lines  in 
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Pig.  65  O,  each  cleavage  sphere  ia  divided  into  a  larger  and 
a  smaller  part.  The  most  strilcing  thing  in  this  is  that  hj 
the  regular  paired  arrongemeut  o(  the  four  sm&ller  oleavago 
Rpheres  a  difference  between  the  cross-axes  (aecondarj'  futea) 
of  the  embryo  oan  already  be  recognised,  so  that  even  as 
early  as  this  stage  the  biradiate  atrnctnre  ia  clearly  ex- 
pressed; and,  according  to  Fol  (No.  7),  the  longer  of  tho 
two  diameters  corresponds  to  the  transverse,  and  the  shorter 
to  the  sagittal,  axis.  The  transverse  plane  (infandibnlar  op 
tentaculi 


n)W8  of  fonr  cells  each,  as  is  represented  in  Fig.  65  C. 
Another  pccatiarity  of  this  stage  consista  in  the  fact  (hat 
ita  eight  oi^lls  no  longer  lie  in  one  plane;  the  smaller 
lateral  cel1»  move  to  a  higher  level,  whereby,  as  can  be 
seen  in  Fig.  ti.^  C  and  D,  the  entire  fnndainent  becomes 
somewhat  baskct-Hhaped.  In  this  way  n  difference  be- 
tween the  two  poles  of  the  chief  axis  is  also  itidicat«d 
ereo  now,  and  the  concavity  of  the  baskeb-like  fandament 
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COrrMponda,  according  to  Mktschnikoff  (No.  16),  to  the  so- 
c&Ued  upper  or  future  eenaory  pole.  Furthermore  a  hiHto- 
iogioal  difference  between  the  snialler  and  larger  blastomeres 
of  this  stage  ia  said  to  be  noticeable,  inasmach  bb  a  larger 
amount  of  ectoplasm  is  involyed  in  the  formation  of  the 
smaller  cleav^e  epherea. 

We  have  designated  the  furrows  appealing  np  to  this  time 
as  meridional,  because  they  had  the  same  dii-ectiou  as  the 
chief  axis.  The  next  one  to  appear  is,  on  the  contrary,  per- 
pendicular to  the  chief  asia  (Fig.  65  iZ),  and  mast  therefore 
be  called  an  equatorial  farrow.  The  formative  yo1k  collects 
in  the  apper  part  of  the  eight  cleavage  Bpheren,  and  ia  con- 
stricted off  in  the  form  of  amall  cells  (Fig.  liii  E),  so  that  in 
this  way  we  obtain  a  stage  composed  of  eight  macromereB, 
consisting  almost  exclusively  of  food-yolk,  and  eight  micro- 
meres  (Fig.  65  /).  Since  in  many  instances  the  cells  of  the 
embryo  in  this  stage  separate  from  one  another,  leaving  a 
space  at  the  centre,  the  fundament  becomes  annular,  a  ring 
of  eight  micromeres  resting  opon  a  larger  one  of  eight  raaci-o- 
meres.  The  cavity  formed  at  the  centre,  which  ia  open 
»bove  and  below,  as  in  the  eight-cell  and  sixteen-cell  stages 
of  Syeandra  rsphanuB,  we  mnst  designate  as  a  cleavage 
cavity  (bliistocwie). 

Subaeqaently  a  rapid  mn I ti plication  of  the  niicromeres 
takes  place,  on  the  one  hand  by  division  of  those  already 
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present  (Fig,  65  E)  and  on  the  other  hand  by  the  abstric- 
tion  of  new  mici-omeres  from  the  underlying  maci-omeres 
(Fi'i;.  66  B  and  C).  In  this  way  the  annnlar  cell-mass  of 
micromeres  continues  to  spread  oat,  and  finally  rests  like  a 
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cap  upon  the  n 

63  M,  Fig.  66  B  and  C). 


of  macromet-es,  which  it  o 


r  {Tin. 


n  conaider  this  cap-lilce  fuodament  of 
micro  me  res,  in  accordance  with  its  destiny,  as  ectoderm.  It 
spreads  ont  uioro  and  more,  especially  by  the  progreasiTe 
growth  of  its  marginal  piirtB,  so  that  it  aoon  enrelopa  not 
only  the  upper  portions,  but  alxo  the  lateral  parts,  of  the 
mass  of  macromeres  (Fig.  66  C  and  67  A). 

In  this  way  the  latter  moTex  more  and  more  into  the  in- 
terior of  the  embryo,  no  that  we  here  see  a  two-layer  em- 
bryonic form  (gastrula)  prodaccd  by  means  of  circnmcres- 
oence  or  epiboly.  Frequently  the  forward  growth  of  the 
mai'gtn  of  the  ectoderm  docs  not  proceed  uniformly  at  all 
points,  bat  a  more  active  marginal  growth  is  shown  at  points 
coiresponding  to  the  four  radii.  Finally  the  macromcmt 
are  seen  to  be  covered  by  ectoderm  on  all  sides  except  the 
lower  surface,  where  the  ectoderm  still  preseiita  a  large 
ciroolar  gap  (Fig.  67  A),  which  we  may  desiguatfi  as  tbo 
gas tra la- month  or  blastopore.  Up  to  this  time  the  domi- 
nant activity  of  the  embryo  connisted  in  the  produotion  of 
ectodermal  elements,  The  macromeres  were  involred  in 
this  only  in  so  far  as  they  constantly  budded  off  new  ecto- 
dermal elements  from  their  npper  snrfaces.  When  the  stage 
last  mentioned  has  been  reached,  this  kind  of  increase  of  the 
ectoderm  ceases,  and  the  macromeres  from  now  on  become 
active  in  another  direction.  It  is  notoworthy,  in  contrast 
with  the  considerable  mniti plication  of  the  ectoderm  cells, 
that  np  to  this  time  the  eight  macromeres  have  nnderjfone 
no  increase  in  numbers.  But  now  they  heg'iu  to  divide,  so 
that  stages  with  twelve  and  then  with  niit**n  macratnerea 
can  be  observed.  Afterwards  the  division  of  the  macromeres 
becomes  irregular.  Meanwhile  the  basket-like  amtngemeot 
of  the  macromeres  has  vanished,  and  they  now  form  a  more 
placentiform  mass  (Fijf.  67  A). 

We  have  designated  the  micrameres  as  ectoderm;  we 
conid  no t,  however,  employ  the  term  "entoderm"  for  the 
macromeres,  becaaae,  on  the  one  hand,  they  still  contained 
parta  which  were  to  be  constricted  off  by  boddiog  and  uldtkl 
to  the  ectoderm,  and  becaase,  on  the  other  hand,  as  ««  know 
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Lbroogb  Mktschnikoff  (No.  16),  they  ai-e  alsc 
SQpply  the  dements  of  the  mesoderm.  For  id  the  present 
stage  (Fig-  67  A)  there  is  effected  a  new  abstriction  from 
the  macromeres  of  small  elements  (me),  which  we  may 
designate  aa  roedoderm  cells.  At  first  these  form  a  cell-plate, 
which  lies  at  the  lower,  fi-ee  sarface  of  the  macromerec, 
when  the  latter  are  not  yet  covered  by  ectoderm.  But  in 
the  stages  which  now  follow  (Pig-  (J~  B  and  C)  certain  im- 
portant changes  are  accomplished  by  means  of  which  this 
fandament  soon  reaches  the  inside  of  the  embryo.  In  this 
connection  we  must  first  glance  at  the  upper  pole  of  the 
embryo  (Fig.  67  A).  Here  the  embryo  atill  exhibits  a  small 
opening,  which  in  earlier  stages  (Fig.  66  B  and  C)  waa 
larger  and  is  to  be  refeiTed  to  the  inner  circamfei-ence  of 
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(rom  LiFo'i  Lthrbuch).    re.  eclcdBnni  .n,  enCDae 

i.»demjd.inle.tiTial, 

the  ring  of  micromeres  (Fig.  65  I,  K,  L),  This  opening  in 
the  stage  of  Fig,  67  A  is  still  in  connection  with  a  cavity 
existing  between  the  macromeres,  which  we  recognize  as 
the  remains  of  the  cleavage  cavity.  Uoth  the  cleavage 
cavity  and  the  npper  opening  in  the  ectoderm,  which  has 
been  erroneously  assnmed  by  many  anthora  to  be  the  blasto- 
pore, now  disappear  by  the  neighbonring  cells  closing  tightly 
leather.  At  the  same  time  an  invagination  of  the  lower 
sorface  of  the  macromeres  and  of  the  adjacent  mesodermal 
plate  (me)  ia  effected ;  by  means  of  this  a  cavity  (gastrula 
cavity)  is  formed  opening  downwards,  the  lower  portion  of 
whieh  is  lined  with  entoderm  cells,  the  upper  portion  with 
mesodGrmal  elements  (Fig.  67  D).     In  the  further  conrse  of 
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deTolopment  this  cavity  enlarges  (Fig.  67  0,  d),  while  the 
meBodennal  t'lements  inoTe  upward  more  and  more,  nnd 
finally  Bpre;id  out  in  the  form  ot  a  plate  on  the  inner  sarfnce 
of  the  ectodfi-ni  (Fig.  67  C,  me).  Meanwhile  the  circnm- 
crescence  on  the  part  of  the  ectoderm  has  made  further  pni- 
gress.  Even  now  it  not  only  c 
embryo,  but  also —  --' 


cavity, 
.()  .™c>, 
Anthozoa, 
Ctenophop 

The 


thi. 


ihicli 


Dnder-side  of  the 
'-B  interior  of  the  §rMati«1 
tho  ectoderm  (Fig.  67  0. 
lb  the  OMiopbtigiu  of  the 
^•oalled  stomach  of  the 
ed. 
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ree«rdln((  tho  &nt  ata^m  ot 
on«  another,  but  in  r*«M4  U) 
eniing  tli«  orientstton  ot  ih» 
queaUon  being  the  detannina- 
^  the  earlier  ttagc*  wd  «I1  that 
e  pole,  and  the 


olearage  are  uit^ivntia! 

the  later  starts,  and 

embrjio,  they  iliHer  somoiri 

tioD  o(  the  piil^a  □[  the  chiei  axis,     ii  > 

pole  which  in  uur  figures  is  tho  npper  oi 

opposite  one  ilir  miicromcie  yioh.  the  ill^pnlptl  point  in  whether 

(□baequen  tl;  the  micromere  pole  becomes  the  senaorj  pole,  and  the  ma«n>- 

mere  pole  the  oral  pole.    We  have  adhered  to  HaracBinKorr'B  daaerip- 

tion  (No.  16).  which  agrees  with  Kowalitsit'b  later  memoir  (IMmiare  on 

Cnidaria  is  Qeneral,  No.  10).  because  such  an  orientation  taana  ptotMU* 

through   comparison  with  the  eggs   ot    mollusca    and  wonni    hanng 

Qnequal  cleavage  and  aubsequent  epibolic  development,  and  beoanae  a 

homology  o(  the  senaorj  bod;  ot  the  Ctenophora  with  the  apieal  plat* 

o(  these  forms  appears  thus  to  be  provided  lor. 

The  development  of  all  Ctenophora  in  the  stagea  thoa  far  daaeribad 
appears  lo  take  place  in  very  much  the  same  way.  Lampetia  panouina 
alone  appears,  according  to  Chch  (No.  S),  to  poeseas  pecnliaritiaa, 
especially,  among  others,  the  existence  ot  a  sixteen-cell  stage,  tomwd 
on  a  strictly  quadriradiale  plan,  etc. 


The  embryo  has  now  anaamed  a  nearly  apherioal  form 
(Fig.  67  C).  Bat  the  two  ends  of  the  chief  asii  are  di»- 
tingaished  by  shallow  depreBsions.  Id  viewing  the  embryo 
from  above,  one  recognizes  that  the  transverae  azia  atill 
exceeds  the  s^ttal  in  length.  From  now  on  a  growth  in 
the  direction  of  the  chief  azig  is  especially  noticeftblo 
(Fig.  68).  The  embryo  thereby  becomes  more  elongated. 
Since  at  the  same  time  the  upper  end  of  the  body  inriranca 
in  eise,  principally  by  the  development  of  the  teotacolar 
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apparatus,  a  p^ar-sbaped  or  heart-shaped  form  is  evolved 
(Fig.  70  A). 

Hand  in  hand  with  these  changes  goes  the  differentiation 
of  the  ectodermal  stractares  which  are  chai*acteri8tic  of  the 
Ctenophora  :  the  tentacalar  apparatus,  the  ciliary  plates, 
and  the  apical  sensory  organ.  At  an  early  period  are  to  be 
noticed  in  the  upper  half  of  the  body  two  ectodermal  thicken- 
ings (Fig.  68  t)  lying  opposite  to  each  other  in  the  trans- 
verse plane;  snch  an  abundant  multiplication  of  ectoderm 
cells  occurs  in  these  places,  that  they  become  many  layers 
deep.  These  two  thickened  areas  form  each  the  fundament 
of  a  so-called  tentacle  base  (Fig.  69  J5,  th).  Within  the 
territory  of  these  a  ridge,  known  as  the  tentacle  stalk 
(Fig  69  B,  ts),  soon  makes  its  appearance,  and  out  of  it 
arises  the  fundament  of  the  tentacle  (/).  At  the  same  time 
with  the  earliest  formation  of  the  tentacular  apparatus,  four 
rows  of  cells  situated  adradially  become  conspicuous  by 
their  active  proliferation.  These  cells  are  covered  with 
cilia,  which  at  first  are  short  and  fine ;  they  begin  to  beat 
slowly  backwards  and  forwards,  and  soon  fuse  together  in 
such  a  way  as  to  form  the  sunmming  plates  (Fig.  68  r).  In 
this  way  two  rows  of  swimming  plates  arise  on  each  of  the 
four  fundaments,  so  that  in  these  first  stages  the  eight 
ciliated  ribs  appear  grouped  in  pairs.  Originally  each  rib 
exhibits  only  a  very  few  (usually  four  to  six)  swimming 
plates,  and,  as  a  rule,  their  number  is  not  increa.sed  until 
after  the  abandonment  of  the  egg- membranes.  The  swim- 
ming plates,  as  has  been  shown,  are  to  be  regarded  as  fused 
cilia ;  they  are  higher  differentiations  of  a  continuous  coat 
of  cilia  attributable  to  the  ancestors  of  the  Ctenophora. 
In  this  connection  it  is  interesting  to  know  that  Chun 
(No.  3)  was  able  to  demonstrate  on  the  embryo  of 
Eucharis  mnlticomis  a  fine  ciliation  covering  the  whole 
surface.  Of  this  ciliation  there  are  retained  throughout  life 
only  eight  fine  meridional  rows,  which  extend  from  the 
rows  of  swimming  plates  to  the  upper  pole  of  the  body,  and 
establish  the  connection  with  the  sensory  body  located 
there.  This  apical  sensory  organ^  which  is  pci4iaps  to  be 
considered  as  the  centre  of  the  nervous  system,  is  also  de- 
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veloped  from  a  tliiutcening  of  the  ectoderm  (Fig.  68).  The 
otulitlis,  wliich  are  at  fii-st  small  liud  tbmi  increaatt  in  Nue, 
Kre  formtid  in  certain  of  tlieao  cells ;  they  aiv  finally 
extruded  upwards,  to  constitute  the  otoHthio  maaa  Miia* 
taincd  on  thi>  four  S- 
ff  r  ffii  sb&ped  nprinKS  (oitia). 

In  many  dMea  the  first 
otolilliH  Hrtt  foimoJ  ill 
the  epithi'linra  Jn  four 
gmii  [iH,  linrrtwpondi  iig 
to  the  difTcrvut  t(auJ- 
ranta  of  the  body  of 
the  CtenophoM.  (A. 
Adassiz.Fol).  Thebell- 
shaped  case  developed 
u  over  the  seniiory  organ 

arises,    like   the  striin- 

c  embryo        •"'"K   plat-OS,  frOm    foDI' 
ilodannBl       pronpB     of      loDg     cili« 

"'  *'h?'h     fii**'!  with  one  another 
,  owTi th°. ,     ( Figs.  68.  70,  72) .    The 

msios''''':  ".  tiomKh;   o,  oenlml   Intwt'lnJ       (Fig.  63  ft)  »re  formed 
Mviij  i  d,  di.ertlcQlm  of  Uw  iwne  (tumUmenU       in  conneotioQ  With  this 

sensory  body  oa  thick- 
ened regions  of  the  ectoderm,  which  at  first  are  roanded,  bat 
subsequently  much  elongated. 

We  have  seen  that  two  parts  can  be  distinguished  in  the 
faiidament  of  the  gas tro vascular  system  (Fig.  67  C)  :  « 
lower,  which  arose  as  an  ectodermal  invagi nation,  the 
inner  surface  of  which  is  soon  covered  with  a  coat  of 
cilia,  and  ont  of  which  the  sO'Called  ttomaeh  sntMeqaently 
arises ;  and  an  upper  {d),  bonnded  by  entodermal  cells,  which 
represents  the  fundament  of  the  infundibulum  and  the 
vfSM-U.  The  differentiation  of  this  upper,  entodermal 
portion  into  its  individual  parts  can  be  considered  aa  essenti- 
ally a  kind  of  formation  of  diverticula.  As  can  be  aeen 
in  Fig.  67  C,  the  entoderm  cells,  as  the  macromeres  after 
giving  off  the  ectodermal  and   mesodermal  elements  mky 
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now  be  called,  exhibit  &  tendency  to  orient  themBelves 
radially  abont  the  central  cavity  d.  Designating  the  point 
of  transition  of  the  fundament  of  the  stomach  into  that  of 
the  infundibolam  as  the  initer  opening  of  the  asophagua  or 
infundibular  fiitttre,  the  increase  in  the  lenf^th  of  the  stomach 
causes  this  fissure  to  more  into  the  central  cavity,  a  wall 
being  formed  by  means  of  which  a  central  portion  of  the 
cavity  is  separated  from  a  lateral  part  (Fig.  68).  This 
lateral  portion  is  not  retained  as  a  single  space,  bnt  divides 
into  fonr  diverticnla,  which,  in  accordance  with  their  mode 


Fia-  BO,— Fiuthar  tormt^ao  Gt  Lha  gutroraacii 
•mbrjo  of  Btnt,  In  opClial  tnairana  Mctlon  M  lb«  tima  ot  fomulion  o(  tbe  roDr 
eBiodarmal  lua ;  iJt,  •olodann  i  tn,  sulodBrm  j  «,  mesaglcBK.  B,  dBrelopmant  ot 
Um  psrmuiaiit  cuikl  iTiMni  in  kn  embryo  of  Biuharit  mtiUiconiu.  View  tnim 
baloir:  «,  iiDnuoh;  niff,  fiuid«maiit  oT  tbe  gaatrml  vaowlaj  m.  fundKmant  ot  bhe 
Boiidioul  naiati ;  r,  olllkr;  pLuaa ;  y,  fiiDdiimsnC  of  tbe  leDUsnlar  TeaHli ;  tb 
lanlBiI*bUB[r*iUalHlteilfl(li  li,  Wnlacla  lUlk ;  t,  lanuula. 

of  origin,  communicate  at  their  npper  parts  with  the  central 
infundibular  fundament,  and  have  their  blind  ends  directed 
orally  (Fig.  68  d  and  Fig,  69  A).  Inasmuch  as  the  greater 
portion  of  the  entodermal  cells  is  grouped  abont  these  four 
blind  sacs,  it  is  divided  from  now  on  into  the  fonr  so-called 
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entodermal  »af».  ench  one  of  which  cort-Mponda  to  a  qan^ratit 
of  the  Ctenophore  body.  The  distinct  separation  of  th«a« 
four  entodermal  sacs  is  materially  pi-nmoted  by  the  aimut- 
taiieons  appearance  of  the  meto^lata  (Fig.  69  A,  3).  Thia 
traoflparent  secreted  roassaccaranlat^s  between  the  stOTuacl), 
the  entoderm,  and  the  surface  ectoderm  (Fig.  t»8  g),  Nnd 
forms  septa-like  procexRea,  which  extend  especially  between 
the  entodermal  sa^^s.  The  rapid  increase  of  the  luesogltra, 
into  which  cells  soon  migrate,  ocoasioaa  the  considcrsble 
increaFie  in  the  size  of  the  embryo  during  this  stAge-  By 
the  formation  of  the  meHoglwn  in  the  further  course  of  de- 
velopment, the  fundament  of  the  gantrovaacnUr  system  is 
forced  farther  and  farther  away  from  the  outer  sarfacse  of 
the  body.  An  intimate  contact  is  retained  only  at  tbo 
points  correaponding  to  the  eight  ribs  and  the  fondamenU 
of  the  tentacles  (Fig.  69  B)  ;  by  a  large  aocnmnlation  of 
entodermal  cells  the  places  are  here  indicated  at  which,  by 
the  formation  of  additional  diverticnla,  the  eight  rib-vesaoU 
(meridional  canals)  and  tentacular  veaselx  are  developed. 
The  origin  of  the  two  gastrnl  vessels  is  to  be  attributed  t«  a 
similar  formation  of  diverticula  (Fig.  69  H,  nig). 

The  mode  of  (ormBtion  ol  the  four  entodeniiikl  mod  by  the  i»»pm 
penetration  of  the  inner  o^ieniDR  of  tliH  UMOphkuuB,  vhiah  ha>  been 
deKribed  by  CtiCN  {No.  3)  and  represented  in  hia  Fig.  U.  Tftt-  tij..  t»- 
Cftlta  the  quite  similar  mode  of  foromtion  of  the  two  primaij  gaaltsl 
poaches  of  the  Sc}^liistomn  uncording  to  Ooim.    (Camp.  p.  107.) 

During  these  changes  the  chBract«ristic  lat«nil  romprBM- 
sioD  of  the  stomach  has  already  been  effticted  (Fig  69  B,  m). 
On  the  contrary,  the  central  part  of  the  vascular  system. 
which  is  metamorphosed  into  the  infnndibnlnm,  rxhibiU  * 
compresiiion,  more  or  less  distinct  in  all  Ctenopho^^  in  tha 
direction  of  the  other  (saiarittal)  secondary  axis,  so  that  thmtm 
conditions  could  be  utilized  by  Chcs  (No.  3)  in  dpsignatinf; 
the  cross-axes.  The  more  the  vascular  system  is  detelopvd, 
the  moi'c  do  the  entodenu&l  cells  acquiiv  the  hiatolng^ical 
characters  of  the  permanent  walla  of  the  vessel*. 

We  have  traced  the  fundament  of  the  meaoiUrm  aotil,  ir 
the  progreBsiiig  invagination  of  the  gaetral  cavity,  it  arriTM 
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at  iu  top,  finallj  to  spread  out  flat  ou  the  inner  surface  of  the 
ectoderm  at  the  npe:i  of  the  embrjo.  The  plate  thas  formed, 
which  frees  itself  more  and  moi*  from  the  entoderm,  at  first 
elongates  onl^  in  the  dii'ection  of  the  transverse  plane  ;  later, 
however,  by  &  new  mesodermal  pi-owth  from  the  original 
centre,  a  cruciform  mo§odermat  fundament  (Fig.  71  m)  is 
formed,  on  which  we  can  diatingnieh  two  longer  (lateral)  and 
two  shorter  (sagittal)  mesodermal  bands.  The  former  are 
closely  applied  to  the  funda- 
ments of  the  tentacles  (Fig.  70 
A  and  U),  and  supply  the  meso- 
dermal axes,  e.ipeciallj  the 
ransculfttnre,  of  the  tentacles. 
whereas  the  median  (liagittal) 
bands  become  the  seat  of  tbc- 
formation  of  migratorj  cells 
(Fig.  71  g),  which  wander  intn 
the  mesoglcBa  and  give  rise  to 
the  cellular  elements  of  the 
geUtinons  tissue  by  becomint; 
metamorphosed  there  into  st«l- 
lit«  connective- tissue  cells  and 
bntnched  mnscle  fibres. 

In  regard  to  the  development  of 
tlie  mesodermal  structures  we  have 
followed  exclusively  Mktkchniko^p's 
(No.  Ill)  deacriplion.  Formerly  the 
origin  ot  the  elements  of  the  gelatinous 
tiBsae  was  atttLbuIed  b;  Kowu^stbht 
(No.  14)  aad  Chun  (No,  3)  to  an  im- 
niigTBtion  ot  eotoderraal  cells  (the 
BUperttoial  as  wait  as  the  gastral  epi- 
thelium). Aoourding  to  Chcn.  this 
immittraticui  does  not  cease  with  the 
embryonal  stage,  but  throughout  lite 
adds  new  muscle  elements  to  the  geta- 
tiDoue  tissue.  The  immigration  of 
Mlodemul  elements  into  the  meuoglica 
during  embryonic  life  is  directly  denied 
by  UtmcUNiiorr.    Acoordingl;  the  geli 


■  inoaodeniial  formation ;  and  c 
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ini ;  Rk  crooiform  moiodenii 
■mcnli    It.  taigt*U>ej  cella 


—rang  Imm  of  OillUafni  Ualota  (ifwr 
rUT,  from  KmraaM'a  Ifkrtuk).  t,  lent*- 
,  kudllotT  otCKOi  M,  kpleal  ortnoi  ir)i,  tho 
oLilujr  plUMj  *■,  Uia  foar  •modomiKl  •■Mi 


ink  inU)  the  meBoderm,  Dolhlng  in  lh« 

would  be  ch&nged  bj  (bis. 

In  order  to  eipl&in  the  presence  o( 
four  meBodeminl  binds,  KixtNiKBiio 
(LiUrature  Annelida,  i..  Mo.  36.  p.  13) 
[kcrceives  in  them  an  iudiCBtion  of  tha 
existence  ot  (our  tenlulee  (tvo  latent 
and  two  sagittal)  in  the  aoeeitnU  tonttt 
of  the  Ctenophora,  of  which  Ihoae  ia 
the  sagittal  plane  have  become  de- 
generated. II  is  iDteresling  to  know 
that  in  the  Bsroids.  whioh  are  with- 
out teutaeles.  there  exisU  an  etitlrel; 
similar  mesodennal  tDiidament,  which 
extends  in  the  tran«rsr«e  direoUoa  at 
the  apical  pole,  and  there  come*  U)  lie 
under  two  ectodermal  thickeniogt 
(milimenU  of  tentanlee)  (Miiwriix]- 
tort).  The  further  tale  uf  this  mteo- 
dermal  fundament 
oould  not  be  followed. 


Ah  regards  the 
formntion  of  the 
sexnat  organs, 
which  does  not 
faU  within  the 
period  of  embtjr- 
onio  devvlopment, 
but  occurs  is  later 
stages,  R.HsHTWio 
has  shown  hy  hta 
observKtions  on 
Calti&aini  that  it 
ia  probable  that 
they  are  of  ect<K 
dermal  origin. 
The  sexual  pro- 
dacts,  to  be  anre, 
rip<m  directtj  tin. 
dor  tho  epitheliam 
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of  the  meridional  vessels,  but  a  cord  of  cells  which  unites 
the  ectoderm  to  the  sexual  organs  points  to  their  ectodermal 
origin.  Sac-like  invaginations  of  the  superficial  epithelium 
have  also  been  observed,  which  perhaps  represent  the  original 
fundaments  of  genital  sacs. 

Metamorphosis. — After  the  proof  had  been  produced  by 
the  observations  of  J.  Price  and  Joh.  M&ller  that  the  young 
forms  of  the  Ctenophores  resemble  to  a  certain  extent  the 
adult  animals,  and  that  consequently  no  alternation  of 
generations  was  interpolated  in  their  life-history,  one  was 
inclined  to  assume  for  them  a  direct  development.  McCuady 
was  the  first  to  show  the  existence  of  a  rather  marked  meta- 
morphosis by  his  observation  that  the  young  BolinsB  just 
hatching  from  the  egg  were  formed  after  the  type  of  the 
CydippidsB.  Since  then  the  details  of  the  metamorphosis 
have  become  known  through  the  researches  of  A.  Agassiz, 
J.  W.  Fewkes,  and  especially  of  C.  Chun. 

Since  the  Cydippida^  by  the  absence  of  anastomoses  of  the  meridional 
veasela  and  the  blind  termination  of  the  gastral  vessels,  retain  through- 
out life  the  most  primitive  type  of  distribution  of  the  vessels,  the 
metamorphosis  in  them  is  simple.  Nevertheless  it  should  be  mentioned 
that  the  Pleurobrachiffi,  which  are  round  in  cross-section,  are  compressed 
in  young  stages  by  the  shortening  of  the  sagittal  diameter,  and  in  this 
regard  recall  the  Mertensiie  (Chun).  If  Chun's  hypothesis  is  confirmed, 
according  to  which  the  remarkable  Thoe  paradoxa  (which  is  characterized 
by  the  possession  of  a  single  extensible  tentacle  projecting  from  a  tentacle- 
sheath  resembling  a  chimney-pot  near  the  sensory  body)  belongs  in  the 
life-history  of  Lampetia  pancerina,  then  a  much  more  elaborate  meta- 
morphosis will  have  to  be  ascribed  to  some  of  the  Cydippidfe. 

The  metamorphosis  of  the  Lobata  has  been  described  by  McCradt,  A. 
AoASsiz  (No.  1,  Bolina),  Fol  (No.  7,  EuramphaBa),  and  Fewkes  (Nos.  5 
and  6,  Ocyrrhoe,  Mnemiopsis),  and  especially  in  Chun's  (No.  3)  extensive 
presentation  of  the  course  of  development  in  Eucharis  multicornis.  The 
latter  form  in  particular  exhibits  a  series  of  larval  stages  differing  from 
the  adult  in  habit  as  well  as  in  the  course  of  the  vessels.  Here  again 
the  point  of  departure  is  a  Mertensia  stage  having  the  structure  of  the 
X^ydippidn  (Fig.  63),  with  distinctly  shortened  sagittal  and  elongated 
transverse  diameters,  which  is  all  the  more  striking  since  in  the  adult 
form  the  opposite  condition  in  the  length  of  the  cross-axes  exists.  In 
the  firtt  itage  trith  the  fundamenU  of  lobet,  which  now  follows,  a  con- 
siderable increase  in  the  length  of  the  meridional  vessels  is  noticeable. 
At  the  same  time  the  subsagittal  vessels  become  longer  than  the  sub- 
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trsnsverae  (irifK,  nn^l  coirespondinftl;  the  Bubskgitl*!  hIm  rxliibit  >  luyct 
number  of  iwiniiiiiiiii  plnlcs.  In  Ihe  fuithi?!  oourw  ol  dcvaliiiimciit  llw 
meridional  vc^iscl'i  juish  into  tha  oral  lobes,  and  Ihnic  lower  enda  boconie 
bant ;  in  thi^  wflv  the  BUblransverse  tbsb«Jb  oomo  to  b«  th*  lonitar. 
Whereas  in  t)ie  ndult  the  lower  ends  of  the  Teawls  in  mch  lobn  an 
united  in  i^uch  n  uuy  that  the  two  eubtmnsverae  tHwela  i 
with  each  olhvr,  lui.l  ike  lira  Buh^ogittal  vea^ele  witli  each  other.  U  Ihli 
itagr  the  BIlbt^nn^i verse  vamel  foniia  with  the  subsa^tlftl  voamI  ol  the 
Bome  qoadrnnl  a  lAa^ai  ;.  73). 


ibasqiwiit  ooDDMUoa  ot 


There  now  toUowa  a  ttagt  of  tHrdu$ifvrm  habit,  tha  ooane  of  tita 
Teasels  remaining  about  the  same  {Fig.  73),  in  which,  u  in  tba  adult, 
the  eaKJItal  diameter  already  eiceeda  tha  transverse.  In  thia  larvft, 
which,  like  a  Meduss.  movea  throogh  the  water  b;  the  polMtiog  utioQ, 
of  its  oral  lobes,  a  complete  degeneration  ot  the  tentacnlar  ^ijnr&tna 
(1)  occurs;  this  is  replaced  in  the  suoceeding  Bolina  ttmft  bj  a  imw 
tanlacular  (undament.  In  this  stage  is  reached  the  (orm  o(  bod;  biuI 
distribution  ol  vessels  typical  of  the  Lobatn,  tor,  on  the  one  hand, 
the  connection  ot   the   snbtransverae   with   the    anbsagittel  TMwla   i* 
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broken,  wImoms  th«  Teiaels  of  euh  lobe  baring  the  same  name  oome 
inlo  eommanication  with  each  other  at  their  lower  ends  |Fig.  73  B,  at  3), 
and,  on  the  other  hand,  esob  gaatral  vessel,  which  op  to  this  time  ended 
blindly,  sends  out  two  tnuiaverse  proceaaea  at  its  oral  end,  whiah  open 
into  the  snbtranaTerBe  veBsela  of  the  same  Bide.  With  the  development 
ot  (1)  tlw  osMa)  poocJiM  (ebamoteristio  of  Eucharis)  above  the  base  of  the 
tentacles  (metamorphosed  tentaole-sbeatb)  and  (3)  the  dennal  papilla 
the  lonn  o(  the  adnlt  animal  is  reached. 

CHin<  was  able  to  establish  the  fact  that  under  oertain  conditions  the 
Hertenaia  sta^  attains  aeioal  maturity,  bo  that  the  existenoe  ot  a  re- 
markable het/Togmy  is  established  for  the  Ctenophora. 

The  metamorphosis  ot  the  Cestidn,  as  Chun's  observations  on  Cestus 
•how,  prooeeds  from  a  Hertensia  stage  quite  similar  to  that  o(  £uchariB. 
Here  also  the  sagittal  diameter  is  at  first  shoitor  than  the  lransverse< 
althongh  snbseqnentlj  it  so  vastly  predominates  in  the  ribboo-liks  body. 
That  which  especially  oharaaterizes  the  Cydippidoid  early  stage  of  Cestus 
is  the  presence  of  a  ungle  swimming  plate  on  each  rib,  corresponding  to 


tiM  CjdippldlB  In  form  :  m,  Uomuh  ;  1 
■nlHaKiUal  I,  anbtranoaria  mirtdloiul ' 
I3tliai7  plalea  In  their  pemuDBab  posllioii. 

the  uppermost  of  the  foor  embryonic  swimming  plates,  the  lower  ones  ot 
iriiich  become  degenerated.  The  fuFther  course  ol  the  metamorphosis 
it  (doably  simple.  At  first  the  larva  is  round  in  oross-section :  then  it  is 
flattened  in  the  transverse  direction  (Fig.  74  i).  so  that  [he  Hat  ribboO' 
like  shape  is  moM  and  more  expressed.  At  the  same  time  the  short 
meridional  veaaels  and  the  gastrat  vessel  grow  downward.  The  latter 
MOD  puts  lorth  two  transverse  prooeBses  iFig.  74in«),  which  extend 
parkllel  to  the  lower  margin  of  the  larva.  Ot  the  meridional  vessels  the 
•abaagittal  (Fig.  74  t)  oontinne  to  grow  oat  and  become  arched,  while  on 
their  upper  p«rts  new  swimming  plates  are  formed,  which  at  first  are 
placed  at  right  angles  to  the  meridional  vessels,  but  later  (corresponding 
to  the  oonditionB  of  tlie  adnlt)  are  placed  with  their  bases  in  tbe  direction 
ot  the  Meridional  Tcesel  (Fig.  74  A  and  B).  The  ends  ot  the  meridional 
*eaaeli  and  of  the  prooessea  of  the  gastral  vessels  come  together  in 
tha  low«r:0Oiners  ot  the  now  trapezoidal,  flattened  larva  (Fig.  74  B)  and 
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thete  fose;  thai  the  ftrrangemeiit  of  the  vesMls  ol  the  kdnlt  uticul  ci 

reached. 

The  metanioTphoiia  of  the  Beroida  described  b;  Allius  (So.  9)  and 

—L.  AoARBU  (No.  1}  taJte«  plaoe  in  tn  mmsuftU;  gimple  mannn.   The  larva 

It  first  round  in  orosi-MOtuiD.  and  Inlei  is  Kattened  transverwlj.     Of 

s  meridional  yesMb  the  sabsagittal  Brat  t^oir  the  more  (igoroaslj,  and 

Teach  the  ed^  of  the  moath.  where  Ibej  raeet  two  proeeasei  from  Ih* 

itaBttal  veBBel  of  the  same  side,  whiuh  eilend  along  the  edge  of  the  moathi 

and  fase  with  them.     The  anbtransvcrse  veseelH  meet  thase  tranircn* 

procesecB  ontj  later.  Bud  theu  the  rantifioationa  of  the  veaaeli  begin  lo 

grow  forth. 

General  Considerations.— The  CtenophurK  exhibit  in 
their  organization  a  whole  series  of  featnrea  bj  mekns  of 
which  a  closer  relationship  with  the  Cnidaria — Coelent«rmt« 
in  the  narrowest  eense — appears  to  be  eslablished.  To  thia 
series  belong,  if  we  ignore  the  more  superficial  reeemblances 
of  the  g^Iatinoue  transparent  body,  first  of  all  the  posseBsion 
of  a  very  similar  f^trovaecular  nystem,  the  prenencu  af 
tentaclefl,  the  bases  of  which  exhibit  relations  to  the  canals 
of  this  system,  the  position  of  the  ripening  soxual  products 
in  these  canals,  and  the  similar  character  of  the  eggs.  In 
fact,  ap  to  the  present  time  the  Ctenophom  have  nsnallj 
been  incorporated  with  the  Ccelenterata ;  H^kckgi.  (No.  U), 
indeed,  with  whom  Cnrs  (No.  ^)  concarred,  conjectared 
that  the  group  of  the  Cladoaemidm,  and  partienlarlj 
Ctenaria,  which  belongs  to  thia  groap,  conatttrit«d  the  inter- 
mediate link  between  the  Anthomedasfe  and  Ct«nophorH. 
Even  though  this  gunns  presents  a  remarkable  resemblance 
to  the  Ctenophora  in  the  possession  of  only  two  m&r^iQal 
trntacles  and  corresponding  cieoiil  ponches,  in  the  mesogltni 
of  the  umbrella  (ti-ntacle-sheaths),  and  in  the  eight  «i- 
nmbrellar  nettling  ridges  corresponding  to  the  ribs,  still  tfaa 
riew  that  these  resemblances  were  baaed  upon  true  homologj 
has  been  somewhat  shaken  hy  HARTLim  (Noa.  10  and  11), 
who  was  able  to  produce  evidence  that  in  the  closely  alliM 
Elentheria  the  brood-cavity  lying  over  the  stomach  anaes  as 
an  ectodermal  invagination  fi-om  the  cavity  of  the  umbrella, 
and  therefore  could  not  be  bomologiEed.  as  Haeckbl  nwia- 
tained,  with  the  infundibulum  of  the  Ct«Qophor«.  Eron 
earlier  than  this  It.  Hertwio  (No.  12,  p.  444)  had  prodaottd 


• 
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important  evidence  which  militates  against  the  derivation 
of  the  Gtenophora  from  the  comparatively  highly  organized 
and  specialized  CladonemidsB. 

It  appears  to  ns,  however,  as  if  it  were  not  these  difficulties 
alone,  but  rather  gix>nnds  of  a  more  general  nature,  that 
have  been  influential  recently  in  causing  several  writers  (R. 
Hrrtwig,  Lang,  and  Hatschek)  to  concede  a  more  independ- 
ent position  to  the  Gtenophora.  We  have  learned  to  consider 
the  attached  polyp,  a  Hydra-like  creature,  as  the  ancestral 
form  and  archetype  of  the  Cnidaria,  and  believe  it  probable 
that  in  this  instance  the  radial  structure  has  been  developed 
in  connection  with  the  attached  mode  of  life,  as  is  so 
frequently  the  CMe.  Wherever  among  the  Cnidaria  pelagic 
species  occur,  we  can  easily  refer  them  to  attached  forms, 
from  which  they  have  descended.  The  medusa  must  there- 
fore be  looked  upon  as  a  modified  polyp  that  has  attained 
the  power  of  free  locomotion.  All  these  pelagic  Cnidaria 
have,  however,  as  evidence  that  they  are  organisms 
secondarily  derived  from  an  attached  form,  the  following 
characteristics:  ()  the  loss  of  the  general  coat  of  cilia  and 
the  development  of  new  locomotor  organs  depending  upon 
muscular  action ;  (2)  little  tendency  on  the  part  of  the  ex- 
umbrellar  portion  of  the  bell  to  produce  any  organs  what- 
ever. This  latter  feature  of  the  Gnidarian  medusa  is  con- 
nected with  the  original  function  of  its  apical  pole  as  a  point 
of  attachment  and  the  former  comparatively  unexposed 
and  unimportant  position  of  the  ex-nmbrellar  side,  which 
corresponds  to  the  lower  surface  of  the  cup  of  the  polyp. 

The  Gtenophora  do  not  exhibit  any  polypoid  stage  in  their 
ontogeny.  We  would  not  ascribe  too  great  an  importance 
to  the  absence  of  this,  for  the  ontogeny  of  Geryonia  and 
Pelagia  furnishes  us  with  an  example  of  how  quickly  in  an 
abbreviated  development  just  this  stage  is  blotted  out  past 
identification;  it  is  therefore  not  the  circumstance  that 
the  ontogeny  of  the  Gtenophora  contains  no  indication  of  an 
attached  stage,  but  rather  the  existence  of  certain  prominent 
features  of  organization  in  the  Gtenophora,  which  makes  it 
seem  to  us  probable  that  an  attached  stage  has  never  been 
interpolated  in  their  series  of  ancestors.     A  system  depend- 
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ing  apon  ciliary  motion  here  fnnotions  u  the  principal 
locomotor  apparatus.  This  primitive  form  of  motion  sc- 
qairea  in  this  case  an  importance  and  a  development  ■och 
as  exists  nowhere  else  in  the  animal  kingdom,  wher«a«  in 
the  Cnidai'ia  it  is  not  so  prominent.  The  presence  of  thit 
sensorj  org^n  at  the  apical  pole,  whii^h  is,  perhaps,  to  be 
explained  as  the  cenfml  point  of  the  nervous  aysteni,  makes 
it  seem  aniikel;  that  in  any  ancestral  form  thcra  eiiated 
at  this  point  a  rpfnon  of  separation,  a  cicatriced  plaoo  of 
attauhinent.  Fnrtliermore  the  abnndanoe  of  organs  ou  ill* 
outer  surface  of  the  bcxly  (which  wonld  correspond  to  this 
ex-umbi'ellH)  argues  lUfuiDat  direct  relationships  betwera 
Medusie  and  Ctenophora. 

From  what  precedes  we  most  conclude  as  most  pmbable 
that  the  Ctenophora  represent  an  independent  stem  of  the 
animal  kingdom,  which  is  connected  with  the  Cnidarift 
(Cu-ienterata  in  the  restricted  sense)  onl^  at  its  root*,  and 
has  in  common  with  them  onlj  those  ancesti-al  forms  which 
preceded  the  passage  and  metamorphosis  into  the  polyp 
form.  The  Ctenophora  have  most  probably  always  retained 
the  original  pelagic  mode  of  lite,  and  have  bronght  to  the 
highest  state  of  development  the  likewise  primitive  form  of 
motion  by  means  of  cilia,  without  exchanging  it  for  the 
secondary  kind  of  movement  by  meant  of  mnscular  action. 
If  we  were  to  form  a  picture  of  the  hypothetical  pelagiv 
ancestral  form  of  the  Ctenophora,  it  would  probably  corrw- 
spond  most  nearly  to  certain  Autinian  lurvie,  which  exhibit  a 
taft  of  cilia  at  the  anterior  end  and  the  month -opening  *t 
the  posterior  pole,  while  within,  the  development  of  the 
gastral  poauhes  has  already  began  by  the  formation  of 
aepta.  The  tnft  of  cilia  at  the  anterior  end  of  the  body 
Would  fnriiiflh  the  starting-point  for  the  development  of  tho 
apical  seoflory  organ,  while  the  development  of  the  riba 
would  have  advanced  hand  in  hand  with  the  farther  develop- 
ment of  the  gaati-al  ponchen. 

If,  then,  we  admit  that  the  Ctenophora  and  Cuidaria  Iwre 
a  common  stem  only  at  their  very  beginnings,  the  qnestion 
arises  how  far  the  Ctonophora  exhibit  rclntionships  to  Uie 
hypothetical  ancestral  form  of  the  Bilateria.     Apparaatljr 
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the  assDmption  of  sncb  relations  cannot  be  altogether  re- 
jected. The  similar  position  of  the  central  nervous  system 
at  the  anterior  pole  of  the  body  in  the  Ctenophora  and 
many  worm  larvoe,  the  production  of  the  mesoderm  as  a 
separate  germ -layer  in  the  form  of  four  mesodermal  bands 
arranged  crosswise,  and  the  high  state  of  development  of 
the  mesenchymatons  tissue,  appear  to  argue  for  such  an 
assnmption.  First  of  all,  there  are,  as  we  shall  see,  many 
features  agreeing  with  the  development  of  the  Turbellaria. 
Accordingly  there  do  seem  to  exist  certain  relationships 
between  the  Ctenophora  and  the  hypothetical  ancestral  form 
of  the  Bilateria.  Nevertheless  we  hesitate  for  many 
reasons  to  imagine  the  latter  to  be  precisely  a  Ctenophore. 
In  contrast  to  the  Turbellaria,  which  by  the  retention  of  a 
uniform  coat  of  cilia  recall  primitive  conditions,  the 
Ctenophora  represent  a  side  branch  of  the  phylogenetic  tree, 
which  has  developed  independently  along  one  line,  but 
which  scarcely  furnished  the  basis  for  the  direct  develop- 
ment of  higher  animal  forms. 

In  the  remarkable  forms  Caloplana  MettchnikoiHi  and  Ctenoplana 
KowalevtkU,  forms  directly  intermediate  between  the  Ctenophora  and 
Turbellaria  were  thought  to  have  been  recognized  (Nos.  18  and  15). 
However,  to  us  they  appear  to  present  only  peculiarities  that  can  readily 
be  explained  from  the  typical  structure  of  a  Ctenophore  as  the  result  of 
adaptation  to  a  creeping  mode  of  life.  The  similarity  to  the  Turbellaria 
would  then  rest  upon  mere  analogy.  Such  an  explanation  is  admissible, 
for  even  among  the  true  Ctenophora  some  forms  have  the  power  of 
adhering  to  firm  surfaces  and  of  creeping  about  by  means  of  the  broad- 
ened foot-like  margins  of  the  mouth  (Lampetia),  so  that  the  starting- 
point  is  here  given  for  development  in  this  direction.  The  fact  that 
with  the  degeneration  of  the  ribs  (ciliate  bands)  the  general  ciliation 
secondarily  came  again  into  prominence  ought  not  to  be  very  surprising, 
for  Chun  and  R.  Hbbtwig  have  shown  that  remnants  of  a  general  ciliation 
are  retained  in  the  adult  condition  of  the  Ctenophora  also. 

It  should  be  mentioned  that  in  the  origin  of  the  four  entodermal  sacs, 
in  the  presence  of  the  four  mesodermal  bands,  in  the  development  of  the 
ribs  on  four  adradially  placed  ectodermal  thickenings,  etc.,  there  is  mani- 
fested a  distinct  tendency  to  express  its  quadriradial  structure.  Probably 
the  biradial  structure  of  the  Ctenophora  has  been  developed  from  the 
qnadriradial  by  the  different  development  of  each  pair  of  opposite  radii, 
so  that  the  biradial  structure  does  not  represent  the  simplest  condition 
of  the  radial  type,  but  corresponds  to  a  derived  condition. 
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CHAPTER   IV. 

PLATHELMINTHES. 
I.    TURBELLARIA. 

Ststkmatic  :  A.  Dbndbocoblidjs,  with  branched  intestine. 

(a)  Polycladida,  with  a  median  chief 
intestine,  which  gives  of!  uamerons 
branches. 

(b)  Tricladida,     without     chief     intes- 

tine ;    three    intestinal    branches 
are     directly     attached     to     the 
pharynx. 
B.     Rhabdoc(£lid£,  with  straight  anbranched 
intestine  or  without  intestine. 

(a)  Rhabdoccela,  with  a  spacious  cavity 

in  the  region  of  the  intestine. 

(b)  Alloiocmla,  the    cavity  in    the   in- 

testinal region  reduced  by  the 
great  development  of  the  paren- 
chymatous tissue. 

(c)  Acosla,  without  distinct  intestine. 

Tug  Tarbellaria  which  inhabit  the  land  and  fresh  water 
(^Tricladida  and  Rhahdoccela)  as  well  as  many  marine  forms 
(^Polycladida)  have  a  direct  development,  whereas  other  Poly- 
clads  undergo  a  metamorphosis  in  which  there  is  a  free- 
swimming  ciliated  larva.  The  development  best  known  is 
that  of  the  Poly cl ads,  and  of  these  we  will  first  consider  the 
forms  which  develop  directly.  Closely  related  to  these 
Polyclads  are  those  with  a  metamorphosis,  for  in  the  latter 
the  embryonic  development  proceeds  in  much  the  same  way 
as  in  the  former.  The  embryonic  development  of  the 
Triclads,  on  the   contrary,  is  different,  while   that  of   the 
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Rhabdbca'lcii  in  tnrn  resembles  that  of  the  Polyclads;  the 
Rhabdoiirli's  me,  however,  like  the  Ti-iclads  in  the  produc- 
tion of  j'olk  cL'Wa. 

I.      PoLTCLAOrM. 

A.  Direct  DevelopmeuL 

The  development  of  the  Pul^dads  hu  boon  (l(«crih«4, 
chiefly  in    (lie    works  o.  (No.  3),  Hallfk  (No.  fi), 

Selenka  (N,).  20),  and  I>  3). 

The  (■•:'/%  united  by  n  limy  seci'etion,  arc  usntklly 

laid  in  (lie  ttuni  oE  a  ui     i  {ilate,  in  which  they  lie 

more  or  lc'4s  tcgularly  f  In  the  Eurtjleflida^  thc-y 

are  attaflietl  to  some  .canti  of  a  eUlk  (Ski.eniu, 

Lang).     Ordinarily  t,  -roandod  by  a  thin  shell, 

which  in  siime   cases  (J  ,w)   is   pravided    with  &n 

oporcalum.     Fei-ti  ligation,  _^  ^imetimvfl  takes  plaon  after 

oviposition.  is  usually  preceded  by  the  formation  of  the  two 
polar  glohiilcH.  These  do  not  separate  at  once  from  lht»  egj^, 
bot  remain  united  to  it  by  means  of  yolk-snbatanc«.  The 
spermatozoon  then  passes  between  them  in  penetr&ting'  into 
the  egf;.  Such  is  the  process  in  Tht/tanozoim,  according  to 
Selenka's  obaervationB.  Since  only  one  spermatoioon  in 
bestowed  npon  each  egg,  the  act  of  fertilieatioD  in  tbia 
instance  seems  always  to  be  accomplished  with  great  cer- 

Gleavage  is  nneqaal.  Even  the  first  two  blastomerea  are 
of  different  sJEes.  Each  of  them  divides  into  two,  and 
these  four  blaatomeres  aluo  differ  in  size.  Owing  to  tbeir 
differences  in  position  and  sice,  the  variona  regions  of  tfaa 
body  of  the  embryo,  it  is  said,  are  already  indicat«d.  At 
first  the  two  smallest  blastomeres  lie  crosswise  over  tba 
larger  ones  (Fig.  75  A).  They  indicate  the  npper,  abond 
pole,  a  conclaBion  which  is  confirmed  by  the  polar  globolsa, 
since  these  lie  above  them,  whereas  the  two  large  blaato- 
meivs  correspond  to  the  lower,  oral  pole.  Fnrthermore  it 
is  shown  that  even  thus  early  the  anterior  end  of  the  animal 
is  indicated  by  the  smaller  of  the  two  large  blastomerea, 
the  posterior  end  by  the  lar^r  one,  and  that  the  two 
smallest  blastomeres  correspond  to  its  sides. 
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After  the  four  blastomeres  have  arranged  themselves  in 
one  plane,  a  small  cell  buds  forth  at  the  upper  [aboral]  part 
of  each  cell.     In  this  manner  four  cells  arise,  from  which 
Bubsequentl  J  the  entire  ectoderm  takes  its  origin  (Fig.  75  2?). 
As  soon  as  the  four  primitive  ectoderm  cells  have  come  close 
together,  again  four  cells,  the  primitive  mesoderm  cells,  are 
budded  ofE  at  the  aboral  pole  of  the  large  blastomeres.   These 
cells  lie  in  such  a  position  that  thej  are  not  covered  by  the 
ectoderm  cells  (Fig.  75  0).   The  ectoderm  cells  then  increase 
to  the  number  of  eight.    Four  additional  mesoderm  cells  have 
meantime  been  constricted  ofE  from  the  large  blastomeres, 
and  the  four  already  present  have  divided  into  eight.     Ecto- 
derm and  mesoderm  in  the  form  of  a  cap  overlie  the  four 
large  blastomeres,  which  from  now  on  must  be  considered 
as  entoderm  (Fig.  75  D).     At  the  lower  pole  of  these  four 
primitive  entoderm  cells  four  smaller  entoderm   cells  are 
constricted  off,  a  process  which  is  repeated,  and  in  the  same 
manner,  at  the  upper  pole  (Fig.  75  E).     We  will  state  at  this 
point  that  it  is  the  upper  and  lower  entoderm  cells  which 
supply  the  intestinal  epithelium,  whereas  the  large  middle 
ones  constitute  a  kind  of  food-jolk  and  soon  disinteg^te 
(Fig.  76  A  and  B),     Even  before  the  division  of  the  primi- 
tive entoderm  cells  has  taken  place,  the  cells  of  the  ecto- 
derm have  considerably  increased  in  number.     They  move 
downward  and  begin  to  grow   over  the  mesoderm  cells. 
Fig.  75  j^  and  F  show  these  conditions  in  a  diagrammatic 
way.     The  further  growth  of  the  ectoderm  now  proceeds 
rapidly,  and  the  entoderm  and  mesoderm  are  soon  entirely 
covered  by  it.     The  formation  of  the  epibolic  gastrula  is 
herewith  completed.     The  ectoderm  becomes  covered  with  a 
dense  coat  of  short  cilia,  and  the  embryo  begins  to  rotate  in 
the  egg-shell. 

We  have  represented  the  cleavage  as  Lamo  figures  it  for  Liscocelis 
tigrina.  Although  differing  in  details,  it  still  agrees  on  the  whole  with 
the  prooesses  as  they  have  been  described  for  other  Polycladi  {Lepto- 
plana,  EuryUpta)  by  Hallbz  and  Selemka.  The  differences  relate  to  the 
formation  of  the  mesoderm  and  entoderm.  As  regards  the  former,  four 
meeoderm  cells  are  constricted  off  .only  once  from  the  large  blastomeres  ; 
and  these  by  division  then  give  rise  to  the  mesoderm.    According  to 

K.  H.  E.  M 
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Bel^nsa.  cntodi-na  e«IU  are  (ormed  at  the  lower  pole  onlj  of  the  I«nw 
blaslomeres.  Accoidinti  to  Oorrn  (in  Slt/lnchui).  snch  a  diSerenllBtion 
ol  the  mesodenn  ns  is  ile»cnbeil  bj  other  authors  il(>e«  not  lAke  plac«. 
The  cells,  which  in  his  fi^nires  seem  to  corresponc]  to  the  DiMioddnn  oelli, 
he  considers  as  ectodemi.  Aecording  to  Goktte.  Stylotluti,  in  trhitA 
the  development  of  a  isesoderni  has  not  ;et  Uken  place,  repreaenta  a 


Ihewiiarior  (•)mnd  poaUrJur  (A)  parunf  tba  bod;,  tbe  n 
tboa,  In  lb>  ildei  nl  tb«  b^Ajr  i  H  to  />,  nuin  ■dnnvcd  Nage*  nt  JXMscdii  Uf rtita, 
B  BDiI  C  Men  from  abov*.   D  (rom  Uis  iiite  :  F,  luar  Uate   o(  Uw  epilfatAe    J 
fatirula  of  rky"""''"  BnthU,  Men  ftuni  tbs  ■Id*.    Hi,  ecUilemi   Kh,  a4i».    | 
Cwnu ;  «.  En  ud  H.  Cn,  appv  and  lnwcr  enKntera :  V", 


more  primitive  condition  tlian  llie  rest  ol  the  Foti/flailiila,  Tbia  con 
dition  follows  as  a  remtl  of  the  shape  of  the  entoderm.  Tli*  cmtiml 
entoderm  cells  do  not  in  this  case  become  food-siibglanef ,  but  with  the 
othera  torm  the  wail  of  the  intestine  (Fig.  7G  C).  EveTjrlliing  eaitla^i 
b;  ectoderm  Ooette  look*  npon  as  entoderm.    Only  after  a  part  at  dM 
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iotestioe  bad  become  useless,  owing  to  the  metamorphosis  of  a  portion  ol 
the  enloderm  cells  into  food-substsjice,  and  another  part  had  been  com- 
pelled to  move  into  ite  place,  could  this  process  give  rise  to  a  distinct 


The  further  development  of  the  embryo  of  Discocelis  con- 
siata  first  of  a  complete  ovei^rowth  on  the  part  of  the 
ectoderm  and  the  resalting  closure  of  the  blastopore.  The 
clementa  of  the  ectoderm  become  more  like  aa  epithelinm. 


StytxtKu  pilicliwa. 

o(  dlrtnlegitjon ;  Xi,  toniUmait  ot 

wteaUnt  and  (Ib  O  IntMtlnal  epichi 


their  cilia  stronger  and  more  dense.  A  change  in  the  outer 
form  now  takes  place,  the  aboral  pole  being  pushed  forward, 
the  oral  backward.  The  anterior  end  is  distinguished  bj 
the  appearance  of  the  first  pair  of  eyes,  which  here  arise  as 
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Hmall  pigment  spota  (Fig.  76  X).  Under  them  the  brain  i» 
eetablinhed  Bomewhat  later  in  the  form  of  two  olub-ahapcd 
bodies  (Fig.  70  B).  These  Ixjdies  develop  aa  ectodermal 
thickeninf^a,  which  afterwards  siuk  deejier  and  b;  mvano  of 
a  broad  commisaoi'e  anite  into  tho  common  mass  which  the}' 
constitute  in  the  ndult.  The  two  longitudinal  nerve-truului 
arise  from  them  bjr  means  of  a  backward  growth.  Two  cell- 
growths,  which  perhaps  are  to  be  explained  as  parts  of  tht 
water- vascular  system,  make  their  appearance  aa  ectodermal 
structures  in  tho  posterior  portion  of  the  ellipsoidal  embrj-o 
(Fig.  7fl  A  and  B,  Kx). 

The  development  of  the  intestine  takes  place  by  the 
abandant  mnltiplication  of  the  upper  and  lower  entodecmal 
cells.  In  Fig.  76  A  the  embiyo  appears  filled  with  the 
mass  of  central  entoderm  cells  which  have  been  metamor- 
phosed into  food-yolk.  The  small  entoderm  cells  are  dis- 
tribated  over  the  surface  of  these ;  they  penetrate  between 
the  yolk-spheres,  the  substance  of  which  they  dissolve,  and 
are  Hnully  converted  into  intestinal  epithelium.  This  takes 
place  in  the  following  manner:  scattered  entoderm  cells 
snrroand  a  mass  of  yolk  which  has  become  reduced  in  aise 
by  disintegration,  and,  as  they  begin  to  absorb  this,  form  a 
short  tnbe,  which  anites  with  other  intestinal  cavities  that 
have  arisen  in  tho  same  way  (Selknila).  When,  finally,  the 
intestine,  with  its  branches,  has  arisen  in  this  manner,  the 
embryo  acrjaires  the  general  appearance  of  the  adult  worm 
(Fig.  76  B).  The  mouth  arises  at  the  place  of  the  prv- 
existing  blastopoi-e  from  an  invagination  of  the  ectoderm, 
which  fuses  with  tlie  wall  of  the  intestine.  Fig.  76  C  shows 
this  condition  in  Slylochitx.  The  ectoderm  supplies  tho 
epithelial  lining  of  the  pharynx  and  pharyngeal  pocket,  tiio 
musculature  of  which  arisen  from  the  mesodermal  elements 
that  are  found  masked  in  large  numbers  in  the  region  of  the 
invagination  (Fig.  "0  C). 

According  to  Hillez,  as  well  as  SfLKNKA.  the  mt-sodei-m 
continues  its  development  from  its  earliest  beginnings  by 
the  outgrowth  of  the  primitive  mesoderm  colls  into  four 
mesodermal  bands  placed  crosswise;  these  fuse  with  oae 
another  OS  soon  as  their  cells  become  mare  nnmerons.  and 


I 
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then  lie  under  the  ectoderm  like  a  calotte.  According  to 
Lang's  description  also,  there  is  formed  from  the  four  groups 
of  mesoderm  cells  a  continuous  layer,  which  attains  to  a 
greater  extension  on  the  ventral  side  than  on  the  doraal 
(Fig.  76  0).  Only  later  does  the  mesoderm  give  rise  to  the 
musculature  of  the  body-wall  and  the  connective- tissue 
reticulum.  By  the  formation  of  vertical  mesodermal  septa, 
which  advance  from  the  periphery  towards  the  median  plane, 
the  branches  of  the  intestine  increase  in  length  at  the 
expense  of  the  central  yolk-mass.  New  septa,  which 
encroach  on  these  branches  from  the  margin  of  the  body, 
split  them  up  into  secondary  branches,  so  that  the  intestine 
increases  the  number  of  its  ramifications. 

When,  finally,  the  greater  part  of  the  food-yolk  has  been 
consumed,  and  the  previously  ellipsoidal  embryo  has  under- 
gone a  flattening  in  the  dorso-ventral  direction,  it  breaks 
through  the  egg-membrane  and  reaches  the  outside  world 
as  a  young  Turbellarian. 

B.     Indirect  Development. 

The  embryonic  development  takes  place  in  a  manner 
similar  to  that  of  the  forms  without  metamorphosis.  There- 
fore even  in  what  has  preceded  we  might,  in  a  number  of 
instances,  have  considered  forms  with  indirect  development. 
But,  instead  of  developing  into  turbellai*ian-like  forms,  the 
ovate  embryo  of  this  tjrpe  acquires  lobe-like  processes  (Fig. 
77).  They  arise  first  by  an  elongation  of  the  ectodermal 
cells  at  the  points  afEected,  and  then  by  an  evagination  of 
the  ectoderm.  The  typical  larval  form  of  the  Turbellaria, 
which  arises  in  this  way,  is  represented  by  Muller's  larva, 
as  it  has  been  named  after  its  discoverer  (Nos.  17  and 
18).  This  larva  (Fig.  77)  possesses  eight  processes,  three  of 
which  are  situated  in  the  region  of  the  mouth,  two  others 
laterally,  and  three  dorsally.  They  are  provided  at  their 
margins  with  a  border  of  longer  cilia.  If  these  ciliated 
appendages  are  to  be  compared  to  the  ciliated  bands  of  other 
larvae,  they  would  have  to  be  designated  as  the  preoral 
ciliated  band,  by  means  of  which  an  oral  area  is  separated 


166  EMimTOUXlY 

from  an  alionil  one.  The  eyps.  eis  well  as  the  fandnmcnt 
of  the  nervoin  sjBtem  lying'  nnder  them,  arc  present  in  tli<' 
anterior,  di,i*il  part  of  the  body.  Behind  the  middle,  von- 
tral  appendant',  the  pharynx  ia  already  seen  (Kig.  77). 
The  intestine  also  is  already  established,  and  appcnra 
branched;  in  ^liot-t,  the  internal  organization  of  the  larva 


COrrespondK  nearly  to  ' 
in  the  recently  liatchi 

The  lar^Qi  eircte  arfmi 
cilia,  revolving  npOD 


e  became  aa^ni 
Diacocclie. 

'nler  by  the  aid  of  their 
varions  directions.  The 
«  vloQgnted  larvflf,  on  the 
are  always  seen  swim* 
1  the  anterior  part  of  the 
I  ;ted  npwards.     They  tv- 

tai  id  the  long  axis  only. 

Atter  the  larvn'  have  awarnnij 
for  a  considerable  time,  they  ex- 
change their  primitive  ovkte  form 
for  a  more  and  more  elongated  one. 
Fig.  77  (probably  a  larva  of  Thyta- 
twzoiJn)  repreaenta  a  stage  older 
than  the  embryos  jost  hatched 
Mcttii.  from  BiiMui'i  Com-  tvom  the  c^,  which  are  mor«  com- 
rern'Ii^iCdiiJ^^ro^^  P*"'-  The  elongation  of  the  body 
w,  mouihi  ir.i,  ibe  Kwsiied  is  accompanied  by  a  broadening 
upiwrhp.  ^f  ^|jg  anterior  and  a  narrowing  of 

the  poaterior  end  (Fig.  78  A).  It  can  be  recognized  from 
Fig.  7H  A  that,  in  spite  of  the  presence  of  the  larval  appen- 
dages, the  foini  of  the  worm  is  already  expressed.  This  ia 
still  more  the  case  in  the  stage  represented  by  Fig.  78  B,  in 
which  the  larval  appendages  are  rapidly  degenenting. 
Tliese  finally  disoppear  altogether,  and  the  form  which 
charactenzes  the  ndnit  animal  is  reached  by  the  gradual 
completion  of  the  internal  oi^nization,  the  increase  in  the 
number  of  eyes,  the  ontgrowth  of  the  nerrons  system  into 
the  longitudinal  ncrve-trnnks,  the  differentiation  of  the 
pharyngeal  apparatus  and  the  rest  of  the  muscnlar  syntem 
from  the  mesoderm,  and  the  development  of  the  intestine, 
with  its  branches. 
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Somewhat  different  from  Miller's  larva,  though  still  derivable  from 
it,  is  that  of  Oligocladiu  aurittu  (Fig.  79),  which  has  been  carefully 
studied  by  Hallez.  Like  MCller's  lar^a,  it  also  possesses  eight  lobe- 
like processes,  two  of  which,  however,  the  median  ventral  and^dorsal 
ones,  have  moved  far  forward.    The  first  one,  situated  in  front  of  the 


B 


Fio.  78.— A  and  B,  larvs  of  Tungia  aurantiaca  (after  A.  Lajtg)  about  to  change 
into  the  worm,  seen  ftrom  the  ventral  aarface.  The  eyes  are  indicated  for  the 
sake  of  better  orientation. 


month,  attains  a  considerable  size,  so  that  the  anterior  end  appears 
spread  out  like  an  umbrella.  Behind,  as  in  Muller's  larva,  there  are 
two  ventral,  two  lateral,  and  two  dorsal  appendages  surrounding  the 
larva.  Rigid  cilia  at  the  anterior  and  posterior  ends  of  the  body  give  a 
characteristic  appearance  to  the  larva. 

Goette's  larva  of  Stylochu4  pilidium  resembles  Muller's  larva  less. 
In  it  (if  we  make  use  of  the  expressions  employed  for  Muller's  larva) 
the  two  lobes  situated  at  the  sides  of  the  mouth-opening  are  especially 
well  developed  (Fig.  80).  The  lobe  lying  in  front  of  the  mouth,  on  the 
contrary,  is  less  developed,  as  is  also  the  middle  dorsal  one.  Other 
appendages  are  wanting.  Inasmuch  as  the  back  is  arched,  this  part 
assumes  a  bell-shaped  appearance,  and  the  larva  acquires  a  resemblance 
to  a  Nemertean  pilidium^  which  is  increased  by  the  occurrence  of  rigid 
cilia.    The  apex  is  marked  by  the  dorsal  lobe  (Fig.  80).    The  larva  in 
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this  figare  (Fi);.  80)  has  n  different  orienlaticin  trom  Uut  ot  Ilw  othir 
Inrbellariui  larvnt,  in  order  to  bring  oDt  bell«r  ila  rxtiubianBa  to  tlM 
pilidium  larva.  Its  diBcoverer.  GuKm:,  tXao  noiaptrea  it  direetl?  t«  the 
(nlidium.  11  we  consider  that  StyUt- 
eliiii  has  a  simpler  eourec  ot  deve- 
lopment {see  iiipra,  the  ibscnoe  ot 
nutritive  yolk),  then  it  appear*  not 
impoBuble  th&t  the  tuva  of  Stylarhn 
repreaeuts  a  primitive  oonditlon,  a 
lower  larval  torm,  which  [lerhap*  flill 
has  relationahipB  to  the  larval  lonitl 
of  the  .Vrnurrrdxi.  The  taot  thai 
MClleii'b  larvn  also  prtMnl«  ■  rimilu 
fomi  at  a  certain  stage  is  an  ai8<>B"*>t 
in  Bupport  o(  this  view,  UCLLia'e 
larva  itself  woDid  then  ropreseot  a 
more  highly  developed  torm.  Ltxa. 
lo  lie  eore,  believes  that  .s'ljrta'^iM 
eimply  leaves  the  egg  at  an  earlier 
stage,  arriving  al  the  oonditioa  of 
MOlleh's  larva  onl;  daring  ii«  bv* 
eiiBlenoe,  wbereas  Oobtti  n 
that  it  is  developed  direotl;  ir 


Fin.  IV.  -Ijirrm  "(  ('lifocUiiiiii 
■■nlui,  tit*t  (JCxiitfpl*  ■mrU'iilalii, 
(.Id]'.),  —a  tmm  Ibe  tide  (alter 
BiLLsi,  rtom  Bitroca'*  Campata. 
livt  BmtivHo**). 

adult  animal  by  an  increaM  i 


The  larva  ot  Btt/toehopm  pontitia  deaeribed  hj  MinuiNuorr  ■  also 


■  This  work  by  HErscuNiNorr.  published  in  a  Bussiao  periodical.— 
HtndiM  on  the  Development  o(  the  risnariii^."  Mrmolrt  of  lAr  A'fo- 
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s  said  bIbo  to  resemble  Ihe  pili- 


.0  regemble  Ooette's 
■liuiQ  in  form. 

Quite  different  from  the  larval  Forma  hitherU)  coDsidered  is  a  plan 
larva  found   hj  A.  Ahassi^,  which  he 
Bfcribea  to    Planaria    angulata.    This 
tarvB.  in  which  a  branched  intestine  is 
alreadj  present,  shows  a  distinct  exter- 
nal segmentation  correspondine  to  the 
lateral  branches  ol   the  intestine  (Fi^. 
61).    At  GrGt  the  body  in  cylindrical ; 
it  is  onlj  in  the  course  of  further  deve-         " 
lopmenl  that  it  becomes  flattened  and      g^°j 
takes  on   the  form   of   a  turbellarian.      logi,) 
Untortnoalely  a  confirmation  of  Ahah- 
eii's  short  communication  has  not  jet  appeare 


II.      TldCLADriM. 

The  differenpe  between  the  development  of  the  freeh- 
Wftter  Dendroeo^li^n  (Ti'iclads)  and  that  of  the  Potycladida  is 
to  be  explained  by  tlio  fact  that  it  takes  place  niider  alto- 
gether different  conditions.  In  the  cocoons  laid  by  fi-esh- 
water  Dendi-oeceleB,  which  are  diBproportionfltelj  lai-ge  as 
corapai^  with  the  size  of  the  animnl,  there  is  found,  in 
addition  to  the  egg-cell,  a  large  namber  of  yolk-cella. 
According  to  Mbtschsikofk  (No.  15),  the  proportion  of  the 
two  kinds  of  cells  in  Flauaria  polyehroa  is  snch  that  there 
are  fonr  to  six  e^-cells  to  about  ten  thousand  yolk-cells.  In 
Dtndrocirlum  lacleum,  on  the  other   hand,  twenty  to  forty 


egg-cells  are  present  in 
No.  7).     The  yolk-cella 
■urangement,  and  fill  the 
They  are  able  to  move  Hki 
podi.. 

As  soon  as  the  first  stages  of  cleavage  have  taken  pli 
t]ie  egg-shell  (Figs,  82  and  S3),  this  remarkable  ph< 
the  blastomeres  do  not  remain  united,  but 


(IiJiiiA,  No.  S;  Hallkz, 

id  the  egg-cells  in  a  radial 

ng  space  of    the  cocoon. 

B  by  sending  out  pseudo- 


!far 


Soeitly  of  NalnralUl;  vol.  v.  {Odata),  1887.— was  unfortunately 
lie  to  us.  a«  was  also  one  by  Balknhkv  ;  "  The  Development  of 
."  Prnecediayi  of  the  Society  of  Natvr/iluti  at  Kainn.  1872- 
Lbdciuiit,  Jakrftbrr,  Arcli.f.  JfalTiry.,  .lahix-  k!.,  Bd.  ii..  1S74). 
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upart  (KijTfi.  83  and  y*).  Thej  lie  quite  isolated,  m  if  tliej  Imil 
no  aort  of  relation  to  one  anottier,  as  is  seen,  for  example,  in  the 
thirteen-eell  stage  of  Dmdrocailuin  (Fig.  84).  Ono  would  l» 
inclined  to  tliink  of  this  as  an  abnormality  if  tlio  oboerrBtiono 
of  METSCHNiKorr,  Iijima,  and  Hali.kz  did  not  entirely  agree 
on  this  point.  The  subsequent  do- 
Telopment  likewise  proceeds  in  a 
inannei  altogether  original,  its  peca- 
liai  ities  being  eridently  &  resalt  of 
the  lafge  amoant  of  yolk-sabelaoce 
nhich  mast  bo  tnken  np  by  the 
eiubrvo 

111  the  farther  coiu-se  of  develop- 
meut  Bome  of  the  yolk-cells  are  dis- 
solved, BO  that  the  enibryo  now  lim 
in   a   Gucly  gi-anular    protoplasmic 
'"'"''■  mass,  in  which  some  of  the  nuclei  of 

the  yolk-cells  can  still  be  recognized  (Fig.  84).  The  divisioD 
of  the  blastomeres  continues,  and  as  a  resnlt  of  it  there  is 
produced  n  spherical  heap  of  from  seventy  to  eighty  irregn- 


Kio.n.— ClMviv*  lUca 
of  iwo  tiluUnBem  (St). 
wllh  tb*  •iitmnB'liag 
joik-Ml1*(Dil,  or  Unilrv. 


i 


CM  WK*  torn  M— OniWM  (Bt).  in  Um  oUmt  ChUuM.  <rUk  mmoailBK  lolfc-nll* 
{Di),  wklob  In  ilw  iBUr  nUa*  »n  nuVj  tuad  Into  «  eoonnM  bum,  nali  aniM 
(•huled  Oftrk)  uni  itill  lUiMa  In  ihim  m*H. 


larly  arranged  cetls.  Changes  are  eoon  manifested  in  this, 
which  result  in  the  establishment  of  the  gcrm-layer«.  Some 
of  the  periphem)  embryonic  cells  move  to  the  edge  of  the 
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surrounding  homogeneous  food-mass,  and  by  becoming  flat- 
tened out  and  uniting  with  one  another  form  there  a  thin 
membrane  [ectoderm].  Later  a  small  group  of  cells  in  the 
mass  of  loosely  associated  embryonic  elements  becomes  dis- 
tinguishable by  its  presenting  a  moi*e  compact  arrangement. 
This  spherical  group  of  cells  at  first  lies  in  the  middle  of  the 
embryonic  mass,  but  later  moves  to  the  periphery.  Here  it 
unites  with  the  ectoderm.  It  then  becomes  hollow,  and  its 
cells  are  differentiated  into  various  layers,  thus  forming  the 
provisional  organ  known  as  the  embryonal  pharynx  (Fig. 
85  A),  Four  cells,  which  enclose  a  small  space,  are  applied 
to  the  inner  end  of  this  pharynx.  According  to  Hallez,  these 
constitute  the  earliest  fundament  of  the  intestine  (Fig.  85  A). 
The  fundaments  of  the  pharynx  and  intestine  would  be 
looked  upon,  then,  as  entodermal,  but  the  migratory  cells 
which  remain  between  ectoderm  and  entoderm  could  not  be 
designated  as  mesoderm,  for  later,  according  to  Hallez, 
ectodermal  as  well  as  entodermal  elements  arise  from  them. 
These  migratory  cells  contribute  at  first  to  the  formation  of 
the  musculature  of  the  embryonal  pharynx,  becoming  elon- 
gated and  spindle-like,  and  being  applied  to  its  outer  side. 

The  significance  of  the  pharynx,  which  now  begins  to 
execute  swallowing  movements,  consists  merely  in  its  trans- 
porting the  yolk-cells  into  the  embryo  (Fig.  85  -B).  As  soon 
as  the  pharynx  begins  to  function,  the  intestine  becomes 
rapidly  filled  with  yolk-cells,  which  cause  a  great  distension 
of  the  intestine  and  the  entire  embryo.  The  inconsiderable 
entoderm  and  likewise  the  ectodenn  become  stretched  to 
an  extraordinary  degree,  so  that  they  can  be  recognized  only 
with  difficulty.  In  order  to  prevent  a  bursting  of  these  thin 
layers,  cells  derived  from  the  migratory  elements  unite  with 
them.  Metschnikoff's  statement  that  yolk-cells  which  have 
migrated  in  from  the  outside  are  converted  into  the  epithe- 
lium of  the  intestine  is  not  corroborated  by  Hallez.  Accoi'd- 
uig  to  this  observer,  the  primitive  entoderm  always  forms  a 
wall,  although  a  very  delicate  one,  bounding  the  parenchy- 
xtiatous  tissue  of  the  embryo.  This  entoderm,  to  be  sure,  is 
^&id  to  be  of  a  provisional  nature  only.  It  disappears  sub- 
sequently, and  the  adjoining  migratory  cells  unite  to  form 
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the  itttestinal  wall.  Immediately  before  the  Heooiidaiy  for- 
mation of  the  intestine  takes  pUce,  the  embryo  wonld  be  to 
a  certain  eitent  in  the  condition  of  the  acfclons  TarhelUi-io, 
in  which  the  food-bodica  pass  directlj  into  the  body  pweu- 
chyma.  To  be  sure,  an  intestinal  cavity  wonld  exist  in  the 
embryos,  but  it  wonld  be  limited  by  the  body  parenchyma. 
Shoald  these  obaervntions  be  conlirmed,  they  might  perbapa 
throw  some  light  on  the  eslnbli^Hhrncnt  of  the  cunditiona 
which  exist  in  the  Acirla. 


The  branched  form  of  the  intestine  of  Triclads  arisea  in  a 
similar  way  to  that  of  the  Polyclads,  i.e.,  by  the  ingrowth  of 
eunnective-lissne  septa  f  I'om  the  periphery  toward  the  middle 
line.  This  tissue,  like  the  body  masi-nlatnre,  owes  it«  origin 
to  the  migratory  cells,  from  which  the  sexoal  organs  likewiae 
arise  (Iuima). 

'the  liiniUiiicat  of  the  nervous  (lystein  was  found  by  the  thn«  author* 
mentioned  lyini;  deep  in  the  hodj  tissuee,  snd  thfj  conlit  not  dhwom 
Uist  it  had  any  conneclion   with  the  ectoderm.    II   the 
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Hallez  proTes  to  be  true,  that  portions  of  the  migratory  cells  are 
employed  even  after  this  in  the  formation  of  the  ectodermal  layer» 
then  sach  a  mode  of  formation  of  the  nervous  system  could  be  more 
readily  referred  to  the  ectodermal  method  of  origin,  which  was  met  with 
in  the  Polycladida.  However,  it  is  not  to  be  denied  that  the  earliest 
appearance  of  the  nervous  system  in  the  Tricladida  points  to  a  meso- 
dermal mode  of  origin,  such  as  was  attributed  to  it  by  the  brothers 
Hebtwio  {Calamtheorie)  even  at  the  time  they  wrote.  Recently,  too,  in 
the  related  Nemerieam^  the  nervous  system  has  been  derived  from  the 
mesoderm  (Hubbecht). 

When  the  embryonal  pharynx  has  fnlfilled  its  function,  the 
provisional  month-opening  closes,  the  pharynx  degenerates, 
and  an  irregular  heap  of  cells  lies  in  its  place.  In  this  a 
cavity  then  arises,  the  cellular  lining  of  which  represents  the 
internal  epithelium  of  the  pharyngeal  pocket,  for  the  per- 
manent pharynx  is  formed  at  the  same  spot.  This  therefoi*e 
arises,  as  it  seems,  from  the  entoderm  (or  mesoderm),  whereas 
iniheFolyclads  an  invagination  of  the  ectoderm  gives  rise  to 
its  formation.  The  cylindrical  form  of  the  pharynx  is  due 
to  the  fact  that  the  surroundiug  cells  take  part  in  its  forma- 
tion. Before  the  pharynx  attains  its  final  shape,  the  union 
with  the  lumen  of  the  intestine  takes  place,  and  later  the 
mouth-opening  also  breaks  through  to  the  exterior. 

During  the  developmental  processes  described,  the  embryo 
has  frequently  changed  its  form.  At  first  ovate,  it  becomes 
spherical  after  the  introduction  of  the  yolk-cells  ;  then  at  the 
time  of  the  formation  of  the  permanent  pharynx  it  again 
elongates  and  becomes  flattened  on  the  ventral  side  (Fig.  85  C). 
The  pointed  portion  corresponds  to  the  anterior  part  of  the 
body. 

III.      RHABDOCaCLIDiK. 

The  development  of  the  rhabdocoelons  Turbellaria  is  still 
the  least  known.  Various  forms  belonging  to  the  genera 
Ffvrhynchus,  Frostomum^  Mesostomum,  Schizostomum ,  and 
Maerostomum  were  studied  by  Hallez  (No.  6)  in  some  stages 
of  development,  but  he  studied  only  the  winter  eggs.  These 
eggs,  which  are  surrounded  by  a  firm  capsule,  are  attached 
to  aquatic  plants  by  means  of  a  mucilaginous  secretion^  In 
many  forms  {Prostomum  Hneare  and  P.  Steenstrupii)  the  cap- 
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sale  is  dnttvn  out  into  a  stalk,  by  means  of  which  it  Mihcivit 
to  fixed  objects  (Fig.  80),  in  much  the  same  nay  am  in 
the  fresh-water  Dendj-ocoeles.  In  each  capsule  there  is 
usually  found  only  one  ^^-ccll,  in  rare  cusm  (Prailrymtita 
SteermtrHpii)  t-KO  o{  them.  As  in  the  fresh>watoi-  Dendro- 
CCE-Ies,  the  egg-ce)Ia  occnpy  only  a  small  part,  of  the  capsule, 
the  remaining  space  beine  filled  with  yolk-celU  ( Fig.  861. 

the  presence  of  the  yolk- 

cells,  uv  nent  proceeds  in  a  manner 

similar  ti         t  of  the  Pulyelaiiida,     Per- 

hann  wh"'      the   development   of    the 

becomca  more  accnratcly 

lediate  conditions  will  bo 

•uuui.  rrhich    will    explain    tbo 

aberrant  c—    ition  of  the  Triela/luin. 

After    the  expaUion  of   the    polar 

„  .       ^lobnles  and  fertilization,  the  egg  di- 

Wy[     H  yidea    fii-st   into  two,  then    into    four, 

jl     \     I  blastomeres     of      equal     size.       Koor 

JL    VlX  smaller  ones  are  constricted  off    from 

* — y  these  (Sai.f>.'<kt).     Thp  (nrlher  eleav. 

Tin.  »i>.-8i«ikeii  tag    ^™  processefl  could    not  be   obeerred 

t»piole      ot      Projlo.n..m      ,        ,f  ,  ,       , 

siwiuirnpii  wiih  two  ■([([-  by  HiT.r.Ez  ;  their  result,  however,  is 
an  epibolic  gastmla,  which  entirely 
resembles  that  of  the  Polyeladida.  The 
ectoderm  becomes  covered  with  cilia,  and  the  embryo  floats 
in  the  mass  of  yolk-cells.  It  is  therefore  equivalent  to 
a  larva,  which,  however,  does  not  attain  to  a  wholly  free 
life,  jnst  as  the  larvte  of  the  Gnalkohdellida:  and  Oligoehala 
live  within  the  cocoon,  and  are  nourished  by  the  albnmen 
occnrrinjr  in  it. 

In  a  later  sta^e  of  the  embryo  the  entoderm  is  seen  to  be 
arranged  in  a  continuons  layer.  Its  cavity  become§  connected 
with  the  outer  world  by  means  of  the  pharynx.  It  appeu* 
as  if  it  were,  as  in  the  Tricladida,  of  entodermal  natare.  The 
yolk-cells  are  conveyed  by  means  of  it  into  the  intestine. 
Yet  the  pharynx  of  the  Rhabdocoelidcp,  contrary  to  that  of  the 
Tricladida,  at  once  reaches  its  permanent  form.  The 
primitively    spherical   embryo  by  becoming  elongated   and 
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flattened  assuraeB  tho  form  of  a  flatworm.  hi  Proilomam 
liTieare  an  invagination  of  the  ectodei'm.  at  the  anterior  end 
of  the  bodj  gives  rise  to  the  phai-yn^eal  Bheath  and  the 
pharynx.' 

'  [The  development  of  tile  Khnlidoeirla  and  Actela  has  recently  been 
Btndied  b;  Pbhetahlawkewa  (see  Appendin  to  LiUralare  on  Turbellaria, 
Kos.  I.  aai  U.). 

According  to  this  author,  the  development  is  the  same  in  all  the  Atirlit 
BtDdieil  by  her— Convolata  paradona,  AphanoBtoma  diversicolor,  Aph. 
pololiella,  anJ  Darwiaia  variabiliEi — ao  that  one  description,  that  o(  Aph. 
dirersicolor,  answers  for  all.  The  Formation  of  polai  cells  anil  fecunda- 
tion occur  before  the  egRS  are  iftid.  The  first  cieavage  resalls  in  two 
cells  of  equal  size.  Preparatory  to  the  second  cleavage  the  nuclei  elon- 
gate, ftnd  kppiooch  the  side  opposite  that  where  the  polar  cells  have  taken 
refuge.  With  the  second  cleavage  each  of  the  two  cells  is  divided  into 
two,  one  of  which  is  lour  times  as  targe  as  the  other.  The  Four  cells 
finally  assume  a  s^'mmetrico!  arrangement  around  the  chief  axis,  the  two 
plaaee  of  cleavage  becoming  mutually  perpendicular.  The  two  small  cella 
now  divide,  producing  four  of  equal  aize  arranged  in  a  cross  at  the  upper 
pole.  Then  the  two  large  cells  divide  into  unei|ual  parts,  a  larger  basal 
cell  and  a  Emaller  one,  lying  nearer  the  plane  of  the  four  micromeres. 
This  eiKht-cell  stage  is  a  true  blastula  with  cleavage  cavity,  and  is  quickly 
loUowed  by  the  division  of  the  two  ba^al  cells,  from  which  resnit  four 
baod  celbt  ol  equal  size  (ten-oell  stage),  arranged  not  m  a  cross,  but  in  a 
row,  which  determines  the  long  secondary  axis.  Two  of  the  tour  basat 
evils,  the  middle  ones,  are  so  crowded  at  (heir  superficial  ends  by  their 
males  that  they  become  wedge-shaped  and  finally  forced  into  the  cleavage 
cavity.  Thus  gastrulation  begins  as  a  trueemboly,  but  it  is  completed  by 
a  process  of  epiboly.  During  iuvngino-tion  nearly  all  the  pigment  gra- 
nule«  are  accumutaled  in  the  lower  ends  of  the  four  basal  ceUs,  which  ace 
then  abstricted  as  tour  small  dark  cells-.  Somewhat  prior  lo  this,  how- 
ever,  Uie  two  cells  lying  a  little  below  the  plane  of  the  tour  mioromeres 
divide,  and  their  products  are  arranged  symmetrically  (on  either  side  of 
the  plane  determined  by  the  chief  Bxiaandthe  long  secondary  axis).  The 
eight  cells  of  the  upper  half  of  (he  egg  now  divide,  producing  sixteen. 
With  this  (twenty-Ionr-cell)  stage  gastmlattoD  is  well  advanced,  but  it  is 
completed  in  the  following  stages  by  the  overgrowth  of  the  products  of  the 
sixteen  micromerea.  "The  two  lateral  cells,  having  given  rise  to  the  two 
■mall  (7)  primitive-entoilerni  cells,  reprenent  the  third  layer:  the  niew- 
dmn."  We  imderatand  the  author  to  mean  by  "  the  two  lateral  cells  "  the 
■wo  cells  which  constitute  the  end  of  tbe  row  ot  lour  basal  cells,  but  the 
awonnl  is  not  satisfactory.  A  small  but  well-marked  archenteron,  com- 
monicating  with  the  outside  by  means  of  a  blastopore,  exists  from  the  stage 
whsn  the  entoderm  consists  o(  only  two  cells,  which  assume  a  concavo- 
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OeNBBAL   CoNKlDBBiTloKS. 

In  Donsidering  (he  development  ol  the  TurbeiUrift.  Ibe  fint  thiiut  t^ 
mttrncl  attention  is  the  nHli»[  structure  of  the  etnbiyonio  (ondMnent :  the 
tour  large  bla-ctomerea  from  whioh.  above  anil  below,  the  entodann  ctiU 
have  Bepaniteil,  the  radially  arranged  ectoderm  eetla,  bat  MpMlallf  tha 
loui  groups  ot  mesoderm  oells,  This  oondition  point*  to  the  •flUiation 
ot  theTurbellariau'ith  radially  oonntructed  animals,  a  relationahip  which, 
in  tact,  has  been  advocated,  either  on  Dnatomicnl  or  emhryologieal  gronod*. 
by  Dtinietoua  vnrilera  (Kowauvsky,  Sklenki,  Linii.  Cars,  Oonrs).  An 
attempt  baa  been  made  to  trace  the  Turbellaria  back  to  the  Clcnopfaora. 

coDveishapeand  enclose  the  archentericfimmv  between  them.  Betoiw  the 
overgrowth  ol  ectoderm  ii  completed  the  two  entodemi  mIIi  and  the  two 
mesoderm  cells  have  each  divided  into  two.  The  blaelopoie  shifts  (abonl 
ninety  degrees)  from  the  basal  side  to  one  end  of  the  ituin  Mooodaij 
axis,  and  becomes  the  permanent  mouth.  Thus  the  pole  of  tha  blaato- 
pore,  which  is  also  that  ol  the  polar  cells  (?),  becomes  the  candat  end  ol 
the  wonu.  At  the  opposite  pole,  whioh  protrudes  somewhat,  a  bundle 
ol  clear  cells  repremits  the  first  trace  of  the  frontal  organ,  while  two 
slight  ilepreseions,  symmetrically  placed  and  of  short  iluration,  are  ac* 
oompaiiied  by  pennaopnl  thickenings  ol  the  ectodenn,  which  oonalitut* 
the  fundament  of  tha  nervous  ejslem.  A  marked  feature  ol  the  early 
Mages  ii  the  bilateral  symmetry,  which  is  noticeable  from  near  the 
beginning  ol  cleavage  up  to  the  time  the  young  become  ciliated.  "  Ther* 
is  no  hint  ol  a  radial  appearance  in  either  blastuta  or  gastrula." 

The  only  representative  of  the  RhilHbftelii  iiudied  by  Peastuuuwxi** 
was  Hacrostoma  histrix,  in  which  the  egga  are  so  opaque  that  it  is  dilK- 
cnlt  to  trace  the  early  sta^s.  After  the  egg  te  laid  it  nndergoee  oontrae- 
tions  which  result  in  elevations  and  deep  excavations  of  all  parts  of  it* 
Burlaee.  K«veral  (four  to  eight)  polar  cells  are  formed  at  different  point* 
on  tlie  periphery ;  these  have  the  appearance  of  very  hard  and  compact 
tnsiform  l)odic9  (!l.  The  Qr«t  cleavage  liirrow  divides  the  egg  into  two 
unequal  cells :  the  second  furrow,  perpendicular  to  the  Srtt,  divides  c*ch 
of  these  into  two  oioal  parts,  so  that  there  are  now  two  large  and  Iwo 
small  blastomerefi.  The  subsequent  cleavage  stages  were  not  (allowed 
accurately,  but  "it  is  certain  that  the  two  small  segments  reprMentlnn 
the  ectoderm  arise  from  two  large  segments."  Oastnilation  is  by  aptbaly. 
It  is  uncertain  whether  the  blastopore  becomex  the  permanent  mouth- 
opening,  or  is  closed,  and  a  new  mouth  formed  at  the  cephalic  pole.  la 
later  stages  the  embryo  is  more  transparent.  The  mesoderm  th«a  «sIaU, 
it  is  maintained,  in  the  form  of  two  longitudinal  bands,  each  ot  wUch  m 
eeparaleil  into  two  layers  by  a  fissure :  the  body  cavity.  The  outer  lajc*. 
uniting  with  the  ectoderm,  forms  the  subcutaneous  mosoular  layvr;  Otm 
inner,  uniting  with  the  entoderm,  forms  the  muscnlar  layer  of  Uu  in- 
testinal wall.      Other  organit   are   formed    as   in   Aphano«toma."Tiut 
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According  to  the  recent  investigations  of  Metscunikoff  (No.  16)  on 
Ctenophores,  the  embryonic  development  of  this  group  offers  some 
resemblances  to  that  of  the  Polyclads.  The  ectoderm  cells  are  constricted 
ot[  from  the  four  blastomeres  originally  present,  and  grow  over  them  from 
above.  As  in  the  Polyclads,  four  mesodermal  groups  are  present  here, 
and  likewise  take  their  origin,  although  in  a  somewhat  different  way, 
from  the  large  blastomeres.  The  subsequent  deportment  of  the  meso- 
dermal tissue  is  similar  in  the  two  groups  in  so  far  as  it  fills  the  entire 
space  between  ectoderm  and  entoderm.  Since  among  the  lower  forms 
the  Ctenophora  are  the  only  ones  which  present  mesodermal  tissue  of  this 
kind,  there  is  in  that  fact  an  argument  for  placing  the  Turbellaria  in 
relation  with  them. 

The  often-attempted  comparison  of  the  systems  of  organs  in  Ctenophora 
and  Turbellaria,  especially  that  of  the  gastrovascular  apparatus,  is,  how- 
ever, less  satisfactory.  On  the  contrary,  Lang's  suggestion  concerning  the 
position  of  the  cilia  and  the  manner  of  their  motion  in  the  Turbellarian 
larvffi  appears  to  us  to  be  of  some  importance.  The  cilia  are  arranged  in 
regular  transverse  rows  on  the  ciliated  band,  and  all  the  cilia  of  a  trans- 
verse row  move  at  the  same  time  in  a  manner  which  quite  recalls  the 
strokes  of  the  swimming  plates  of  the  Ctenophora.  If  the  cilia  of  a  row 
were  to  fuse  with  one  another,  says  Lang,  then  the  structure  arising  in 
this  way  could  not  be  distinguished  from  such  a  swimming  plate.  But 
how  far  Lang's  attempted  homology  of  the  eight  ciliated  lobes  with  the 
ribs  of  the  Ctenophora  has  claim  to  validity  is  very  doubtful. 

Possibly  also  the  brain  of  the  Turbellaria  can  be  referred  to  the  apical 
plate  of  the  Ctenophora.  It  has  been  determined  embryologically  by 
Lano  that  the  originally  aboral  pole  of  the  embryo  becomes  shifted 
toward  the  anterior  end  of  the  body.  The  brain  then  arises  in  that 
region.  If  the  displacement  were  not  to  take  place,  then  the  brain  would 
arise  at  the  aboral  pole,  and  would  consequently  have  the  same  position 
as  the  apical  plate  of  the  Ctenophora.  Even  the  otocysts  of  the  Turbel- 
laria, which  in  certain  forms  (Monoiida:,  Otomewstoma,  according  to  v. 
Graff)  lie  close  to  the  brain,  are  perhaps  to  be  looked  upon  as  the  re- 
mains of  the  otocysts  of  the  Ctenophora. 

Nevertheless  it  is  to  be  emphasized  that  the  Turbellaria  and  Cteno- 
phora, even  if  they  proceeded  from  a  common  root,  have  become  so  much 
altered  that  the  comparison  can  be  of  only  a  general  nature.  We  have 
already  mentioned  (p.  157)  that  we  do  not  ascribe  to  the  intermediate 
forms  Caloplana  and  Ctenoplana  (Nos.  10  and  11),  proclaimed  as  uniting 
links  between  the  Ctenophora  and  Turbellaria,  any  such  meaning. 
Nevertheless  such  forms  are,  in  our  opinion,  valuable  in  showing  how  the 
transition  from  free-swimming,  radial  animals  into  creeping,  bilateral 
forms  could  have  been  accomplished. 


K.  H.  E.  '  N 
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elaborately  tn-ated  in  the  investigations  of  Schalinslakd 
(No.  8).  In  Diet-ymum  tereticotle  the  egg-cell  lies  at  that  pole 
of  the  egg  which  is  marked  by  the  upercnlam  of  the  egg- 
ehell  (Fig.  87  A).  The  remaining  part  of  the  egg  is  formed 
by  the  j'olk-cellx,  which  Rtill  show  their  cellalar  stractnre, 
but  gradually  undergo  degeneration.  The  egg-cell  divides 
into  two  cells,  four  cells,  etc.,  until  tho  germ  extends  over  a 
liirgo  part  of  the  etitii-e  egg  (Fig.  87  1}  and  C).  At  the  apex 
of  the  embryonic  muss  a  ceU  is  soon  distinguished  from 
the  rest  by  its  losing  itn  spherical  shape  and  covering  the 
uppermost  cells  like  a  kind  of  cap  (Fig.  87  C,  Kz).  It  soon 
divides  into  two  cells,  which  grow  downward,  becoming  in 
this  way  attenuated  into  a  thin  membrane.  Still  other  cells 
take  part  in  tho  formation  of  tins  delicate  enveloping  mem- 
bnine  an  Hoon  n.s  the  nutritive  yolk  is  entirely  displaced  by 
the  cleavage  cellH  (Fig.  87  IJ  and  E).  At  this  stage  the 
germ  is  a  solid  mass  uf  cells  surrounded  by  the  enveloping 
niembi-ane,  which  is  separated  by  a  narrow  space  from  the 
ctll-mass  (Fig,  87  E).  Under  the  enveloping  membrane  is 
developed  around  the  entire  circumference  of  the  embryo  a 
layer    of    Hat    cells,  which    SciiAUiN^LiND    looks    npon    ma 
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ectodenn,  and  which  he  believes  has  ariseii,  like  the  envelop- 
iog  membrane,  as  the  reealt  of  an  overgrowth  coming  from 
one  side  and  sniroanding  the  cell-mass.  This,  then,  wonld 
be  an  epibolic  gastrnia  (Fig.  87  E  and  F). 

The  farther  changes  of  the  embryo  consist,  in  the  first 
place,  in  the  gradnal  disappearance  of  the  nnclei  of  the 
ectoderm  cells  and  transformation  of  the  entire  ectoderm  into 


Fio.  97.— 4  to  W,  embrjonicdertlopnietilof  Dfilimiu™  tnrsticolU  (»(t*r  ScHioiHf- 
Livo).  D,  Intwtinsi  Di.  jrollc-oella^  £i,  cgg.call;  £c,ecloderm  ;£n,aaUxIenii;Hr», 
•nT«liqiiiig  mambruu  i  Ki.  up-cell. 

a  thin  cnticnia-like  layer,  on  the  sarface  of  which  bristle- 
like  Btmctares  make  their  appearance  (Fig.  87  H).  A 
nnrober  of  the  cells  of  the  entoderm  have  united  for  the 
foiinatioR  of  the  intestine,  which  Slls  about  one  half  nf  the 
body  (Fig.  87  0).  Other  entoderm  cells  are  applied  to  the 
ectodermal  membrane,  whereas  the  remaining  cells,  lying 
between  these  and  the  inteRtine,  retain  the  character  of 
embryonic  cells.  They  are  germ  cells,  from  which  the  new 
generation  snbseqnently  arises.  Since  in  the  present  stage 
the  cells  of  the  ectoderm,  as  well  as  those  which  form  the 
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intestine,  liftve  Eep&rated  from  those  lying  bc-r.iri^n  ibcm,  llie 
latter  can  be  considered  as  belonging  to  n  third  gcnii-l«yer, 
tlie  iiie§odfrni. 

When  the  Rinbryo  liiis  reofhod  the  stage  denorihcd,  it 
nreaka  thnmgh  the  enveloping  nicmbi^DO.  which  has  bm»me 
B  delicate  transpftrant  pellicle,  the  opercoluin  of  the  egg-iihell 
DpeDR,  and  the  embryo  rea"''"  **>•■  oatside  wurld  (Fig.  H?  F 
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We   Khali    meet    with    uiuilar    pro- 


this  will  be  considered  ther«  a 


The  Further  Course  of 
Development. — The  distomid 
larva,  in  order  to  develop  further,  mnst  seek  another  host. 
The  proccBKes  which  are  enacted  daring  its  growth  we  de- 
scribe first  for  Ditlomum  kepalifvm,  whose  course  of  develop- 
ment has  been  made  known  chiefly  throngh  the  prolonf^ed 
investigations  of  Lecckart,  as  well  as  those  of  Thoiias. 
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Thee<^gs  of  Disfomum  hepaticum  are  found  in  great  numbers 
in  the  gall-bladder  of  the  host  inhabited  by  the  worm.  From 
here  they  pass  into  the  intestinal  canal,  to  be  voided  together 
with  the  faeces.  Their  development  begins  only  after  they 
are  outside  the  host.  If  by  chance  the  egg  reaches  the 
water,  then  the  favourable  conditions  for  development  are 
present.  In  from  three  to  six  weeks  afterwards  the  embryo 
abandons  the  egg-shell  (variations  in  the  time  of  develop- 
ment are  caused  by  higher  or  lower  temperatures).  By 
means  of  the  cilia  which  thickly  cover  it,  the  embryo,  or 
better  the  larva,  easily  moves  about  in  the  water.  It  pos- 
Sfsses  an  x-shaped  eye-spot  (Fig.  89  A),  Under  this  lies  a 
ganglion.  The  intestine  is  only  slightly  developed.  Two 
ciliated  funnels  already  represent  the  beginning  of  the  ex- 
cretory system.  The  remaining  part  of  the  body  is  filled 
with  the  germ  cells,  the  origin  of  which  has  already  been 
considered  in  treating  of  the  embryonic  development,  and 
the  significance  of  which  consists  in  the  production  of  the 
subsequent  developmental  stages  of  the  Distomum. 

In  this  condition  the  larva  may  swim  about  for  as  many  as 
eight  hours;  then  it  perishes,  unless  it  meets  with  a  snail, 
into  whose  respiratory  cavity  it  bores.  In  this  process 
its  cephalic  protuberance  (also  interpreted  as  tactile  organ) 
is  said  by  Thomas  to  render  good  service.  LimncBus  minntus 
{8.  truncatulus)  is  now  to  be  regarded  with  certainty  as  the 
intermediate  host  of  Distomum  hepaticum^  as  the  investi- 
gations of  Leuckart,  confirmed  by  Thomas,  have  shown. 
Having  arrived  in  the  respiratory  cavity  or  other  organ 
of  the  snail,  the  larva  casts  oft  its  coat  of  cilia  and  secretes 
about  itself  a  cuticula-like  envelope.  It  now  grows  and 
becomes  a  sac-like  body,  which  is  called  a  sporocyst  (Fig.  89 
B).  In  it  the  germ  cells  become  enlarged,  and  by 
repeatedly  dividing  produce  the  cell-masses  which  give  rise 
to  a  new  generation.  The  sporocyst  besides  has  the  power 
of  reproducing  itself  by  transverse  division.  To  this  end  it 
constricts  itself  in  the  middle  of  the  body,  and  produces  two 
new  sporocysts. 

The  generation  produced  in  the  sporocyst  consists  in  turn 
of  creatures  which  are  sac-like,  but  which  are  more  highly 
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orCADi/.ed  thuQ  the  gpiirocj'Bt,  since  thej:  are  provided  with 
a  tnnath  und  an  intestiniil  i^nul,  and  since  the  different 
portions  of  tlie  body,  as  well  as  its  organs,  appear  to  be 
bettor  differentiated  (Fip.  89  C).  The  month  is,  in  fact, 
Harrounded  by  a  kind  of  sucker,  which  enables  the  animal  tn 
attach  itself  to  the  organs  of  the  iiost.  Moreover,  the 
pharynx  esecut*s  Bwallowlnf;  movements,  and  the  intestine 
appears  at  some  times  more,  at  other  timea  leas,  tilled ; 
lience  it  is  funotionBl.  This  new  generntinn  has  been  called 
bj  the  naaic  of  Rediw  (Fip.  89  D  and  E). 

As  ragMilB  the  erigin  of  the  Itediic.  there  are  two  opposing  views ;  some 
ottaenvn  (LaittuKT,  StHWiiwI  trace  them  diraullj  to  tie  germ  ccUf, 
while  others  (Waqemeh,  Bikhiuiioeh}  nmintUD  their  orittin  horn  cells  of 
ths  body-wall.  Although  Sl-uhabz  argues  attongly  [or  the  one  anil 
BuunuNiiKB  for  the  other  moile  of  origin,  yet  this  difference  does  not 
Gcem  to  OB  to  be  important,  for  we  have  ahead;  seen  that  tlie  pajietal 
oeltg  and  the  germ  cells  nre  embryologioaUy  of  the  lume  origin.  In  a 
portion  of  the  cella  of  the  bodj-waU  even,  a  differentiation  into  aeparate 
bistoltwcai  elements  appears  not  la  have  taken  place,  and  for  this 
reason  the;  ma;  continue  to  develop  in  the  same  nay  as  the  real  germ 
cells.  In  harmony  with  this  view  ia  the  Btalenieot  of  TnoMAS.  who  de- 
rives the  IteduB  from  both  the  germ  cetls  end  the  cells  of  the  body-wall ; 
i(  tlie  supply  of  the  former  were  exhausted,  tlicn  the  latter  might  take 
dtcir  place. 

In  regard  to  the  way  in  which  the  Eedice  (and  Islet  the  Ccrcaria) 
sriae,  Schwiuz  explains  this  process  ae  corresponding  to  the  cleavage  of 
ibe  egg.  The  single  germ  cell  divides  and  produces  a  monita-like  heap 
<rf  Dells,  from  which  the  Redia  (or  the  Cercaria)  arises.  The  germ  cell 
therefore  corresponds  to  the  egg.  and  this  wouid  thus  be  a  case  of  par- 
tbenogenctic  development  (Lscciuiit).  The  entire  processor  development 
is  Iberctore  to  be  considered,  not  as  an  alternation  of  generations  i.  ttr. 
(nrtuptDMu),  but  *s  Ire(er>iyoiii/,  as  already  suggested  by  Guuuben 
{Liltralure  On  Cestoda,  No.  *). 

When  the  K«diiP  have  attained  the  proper  stage  of 
dcvetnptnetit,  they  abandon  the  sporocyst  by  rnpturiiig  its 
walls.  They  migrate  from  the  respii'fttory  cavity  into  the 
other  organs  of  the  snail,  especially  the  liver.  Hei-e  they 
increase  in  size,  and  tbei'e  can  noon  \ii\  recof^nized  in  tliem 
in  turn  spherical  maNaes  of  germ  cells,  from  which  arise 
again,  if  the  season  be  cold, — ^that  ia  to  say,  in  winter — Eedur 
of  nearly  the  same  form  as  before  (Fig.  Sd  E).     If,  on  the 
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contrary,  tliis  NtA|;(>  of  iWclnprat-nt  ImiipetiN  in  thr  wnrm 
Sanson,  then  fi'tntiircs  of  miothcr  nhuiM-  fti*  dovelopdl  from 
the  germ  p.IIm:  Hie  tJtilcH  Crrearite  (Fig.  89  E  [^cooUinwl 
individuals]  ntid  F).  In  otlirr  nweii  the  Uercarin  KriM  only 
in  the  Reilin'  of  Iht:  rp<^>i>(1  gx'iKrmtioii. 

The  modi' i^t  iini-in  of  Ihe  Ci'oiriir  hu  bMi)  tlioranghlv  ■lodiMl  hj 
ScHVARK  (Nil.  '11.    Axbu  kiruJ,  lion^d, thin  JnTMligRtot  fiodi  in 

their  orit;in  II  t'T<'i>t  nwMnblimocH  ivlopnirnl  nt  thn  nmbrjo.    Tfan 

■iiTiiIii-like  hrii]i  at  mlU  whioh  rom  tlie  iivnn  evil    ix  tnrthfT 

developed  in  m.'li  >  niannar  that  if-  ub  difforFn(ial*d  >  ptrijibrnJ 
celi-Uycr,  a  .■.niiiil  eoriijiiicf  ol  .  tLtii  a  Uycr  IwtwMn  Ihe  two. 

The  firnt  sufijilitx  llie  ilemi  i  in  to  be  ooniiileTFd  m  »  iDt4«- 

morphoseil  i  {iillu'linm;  t  mitui  kriiw  the  genital  olfWie. 

whereas  Ihe  itilirmeiliBtv  ul  rjtiatl  tiome  (tha  "  mamtmi  " 

ol  ScDwutz)  gni'  riw  Ui  tae  aihtsr  u[k<  ■  AulMinr  tu  the  ctmlraJ  c*ll> 
maxa  a  Dumli'  r  of  col  In  are  arrnnKod  in  a  riyultr  uiMinar.  Thi«  i«  Ih* 
fundament  <  <l  lln'  inlcitine.  vhich  Ulur  boootnni  hoUowMl  out  and  rmI' 
linuoun  vilL  ih>'  two  branchve  of  the  inlontitio.  which  haro  ariiicn  in  the 
BSnie  waj.  'I'dr  i-c-nlml  purl  of  (he  psfrel'iir  appfttaln!"  i(  bImi  formed 
by  means  of  such  a  regalar  arrangelnent  of  cells  in  the  poiterior  part  of 
Ihe  body.  The  dermo-muwular  layer  and  the  fundament  of  the  nenoua 
syalem  ariEie  nearer  the  i>eriphery.  The  remaining  part  of  the  "  meri- 
Btem  "  bccomea  Ihe  |>arvnehyniaIous  tiaeiie  ol  the  body. 

The  Cerrarla  already  exhibits  to  a  certain  extent  tb« 
organixHtion  of  the  adult  Dutomuni,  e.g.,  in  the  presence  of 
an  anterior  eoclier  and  one  situated  on  the  ventral  side 
[FifT.  89  F).  In  the  centre  of  the  former  lies  the  mouth, 
whiL-h  lesilN  into  the  mnscnlar  pharynx,  and  thenoe  intA  the 
forkiKl  intextinp.  The  (csoplingenl  (ganglion,  with  the  two 
lateral  stemti,  and  aIro  the  bipartite  excretory  sypitem  are 
prexent.  Bnt  n  long  mnscnlar  tail  is  attached  to  the 
posterior  portion  of  the  body.  In  this  condition  the  Ccrcaria 
leaves  the  Redia  through  the  birth  apertnre,  which  lies  at 
Ihe  anterior  end  (Fig.  89  E,  G),  and  seeks  an  escape  by  work- 
ing its  way  through  the  tissues  of  the  host  by  means  of  it« 
suckers  and  tail.  Its  free  life  in  the  water  lBat«  for  only  a 
short  time.  It  soon  attaclien  itKelf  to  plants  which  are 
found  at  the  water 'h  edge.  It  casts  off  thet^il,  and  secrete* 
ftlHiiit  itself  ft  cywl.  A  large  number  of  glands  which  lie  on 
either  side  in  the  body  of  the  Ceivaria,  and  which  give  a 
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L-hn  met  eristic  appenrance  to  tlie  animal,  serve  for  this  pnr- 
po«e  (Fig.  t*9  F).  These  f^Iands  appeur  on  the  free  Carcaria 
lis  white  npaqne  masses;  bat  when  their  contents  have 
passed  out  during  the  encystinent,  the  body  of  the  younK 
woi-ra  becomes  entirely  transparent  (Fig.  89  G).  If  the  cyst, 
together  with  the  plant  to  which  it  is  uttached,  is  swaUowed 
by  n  sheep,  the  envelope  is  dissolved  in  its  stomach  ;  the 
yonne  worm  becomes  free,  and  finally  reaches  the  liver, 
wheiv,  in  the  course  of  about  niit  weeks,  it  develops  into  the 
sexnally  niatare  Diilnmam  hfifuitieam. 

The  different  Distomidm  present  great 
differences  as  to  the  conrse  of  their  de- 
relopmentnl  processes.  The  eggs  from 
which  embrj-o*  sre  to  emerge  do  not 
always  become  free,  bnt  may  be  taken 
up  directly  by  the  intermediate  host,  and 
lial<^hed  out  only  when  tliey  have  reached 
its  tntevtine  (Dittomum  mocawlalum,  ac- 
cording to  Leli'kabt).  It  is  not  neces- 
■urjr  that  a  sporocyet  shoold  be  first 
developed  ont  of  tbe  embryo,  and  a  Redin 
(■at  of  it,  as  in  Dutomnm  hepatimm,  but 
llie  upoTOcyst  may  become  metamor- 
phosed directly  into  a  Kcdia.  Sporocyet 
itnd  Redia  in  most  cases  beget  directly 
C'ercariw.  The  sporocjst  in  Dietomum 
m<tcn>it-nnitm  and  Qailerottamttm  fimbri- 
ffltum  is  V6VJ  aberrant  in  shape.  In  this 
spW'ies  it  develops  tubular  processes, 
wLicb  serve  for  tbe  reception  of  the 
Ci'rcari».  The  sporocyst  of  DUtomum 
maeraittnntim,  known  as  Leueoehloridium, 
which  inhftbits  the  liver  and  other  organs 
of  Siirciaett  amphibia,  attains  an  eat:^!- 
ordinarily  large  size,  for  it  sends  out 
pi^>cessoB  into  the  antennte  of  the  snail, 
where,  on  account  of  their  external  re- 
semblance to  insect  lame,  they  are  seen 
aud  eaten  by  birds  (Zei.i.xk,  Hrckkim). 


EMunvoLoor 


The  CetVftrite  produced  in  (rei-in  tubes  prvncnt  n  varioljr 
of  forms.  T>ii9  applies  chiefly  bi  the  cuudnl  upprmlaKc, 
as  can  be  vi.i:ogti\eeil  in  tho  pL-uulinrly  fiirmcd  t'nvnrin 
represented  in   Figs.  90  Hnd  91.       One   o(  thrsn,  Cermria 

gettfera  VillM  '  n  nuLrino  fniin.  whinh  ariMW  fmm  &  urmntnrst 


represent 

tetifera  Villot.^  a  marine  fonn,  which  arises  from  a  sporocj-st 

inhabiting  Scrolitirutaria  tunuin,  possesses  nil  pKtrRordinarily 

large  fail,   \n'Hct   i~-"-   >---"—  "'ho    other   (Vig.  Hi)    hn* 

two  tails,  wliii-h  r.  fards,  howefer,  in  swim- 

ming.      Thiii  i»  tht  laitfrojilomitm jiinbrvUtim, 

and   is  kn<nvii  under  /JncpAu/iui  poi^morpluu. 


«jlMbnaliini(kn«i 


Under  certain  conditions  the  tail  is  entirely  wanting  in 
the  Cercaria  stage.  This  ia  the  case  when  the  Cercariv 
are  not  compelled  to  undertake  a  migratioD,  bnt  remain  in 
their  host  until,  along  with  it,  they  are  consamed  hy  another 
iitiimal,  the  final  host.  Since  they  do  not  pass  throagh  a 
free   stage,  they  do  not  require  any  special  organs  of  loco- 


'  The  CtT<:oria  •/■lifer 
rr:u.i.  tor  (he  term  ti 
■■  aulla  Certaria  tttifti 
vol.  ii.,  188H). 


I  of  ViLLOT  is  called  Cenaria  Viliati  bj  UoKn- 
ifern  occuTB  in  another  species  (Monticelu. 
I  Uiiiier,"   SoUttino  di  Xaturatuli  in   Sapoli. 
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molion.  Tho  tailless  Cei-canEE  of  Digtomiim.  maerosl'minm 
(produced  in  Leacochloridtuia  paradoxum),  together  with 
parts  of  the  germ  tabes,  arrive  in  the  intcHtine  of  the  tinal 
host  [birds],  in  the  cloaca,  of  which  they  become  soxaally 
matai'e  (Zei.lkr).  As  a  rule  the  C'ei«aria  passes,  by  an 
active  -migration,  fi-om  its  fir&t  intermediate  host  into  a 
second,  which  natarally  is  aUo  an  aqnatic  animal,  either 
another  snail  or  a  woriu,  crustacean,  insect,  moUnsn,  Ssh,  or 
amphibian.  In  this  second  intermediate  host  it  casts  off  the 
tail  and  becomes  encj-sted.  Tie  young  worm  awakens  to 
new  life  only  after  its  host  has  been  taken  as  food  acd 
digested  by  some  other,  nsnally  higher,  animal.  In  this 
way  the  cyst  is  dissolved,  and  the  young 

r  reaches  the  stage  of  the  „>  iiiur^,, 

|»Ilyinatnre  animal.     But  we  have  a'    'f 

t  that    in    Butomum    hepaHcum    the  J  ♦♦^ 

intermediate  host  may  be  omitted, 
and  that  the  Cercaria,  after  becoming 
encysted  in  the  free  condition,  passes 
directly  into  the  final  host.  The  state- 
ment, often  made,  that  tailed  CercariEB 
conid  migrate  directly  into  the  final  host 
(for  example,  the  Cercaria  macrocerca  of 
LHtlomiim  eygnoidea  into  the  urinary 
bladder  of  the  frof;),  has  not  been  sub- 
stantiated. On  the  contrary,  these  Cer- 
CHrin  appear  to  be  obliged  to  pass 
through  the  encysted  stage. 

A  QUMt  remarkable  condilian  ia  presented  by      (itMr  r  BiaBom)     U 
xta   ambryOB  o(    Minimloinim  muiab-le   and   il.       Rsdia. 
Jlaxvm,  two  DUloniilit,  which  are  found  in  the 

Ifaoraoic  sad  orbital  cavities  of  various  aquatic  birdi.  The  embryos 
abAddon  the  egg- membrane  when  still  in  the  uterus  □(  the  parent.  Theae 
Piitomids  are  tbecefore  viviparous.  In  each  embryo  a  Uedln-like 
eraaturo  is  already  present  (Fig.  113).  In  this  case,  therelore,  the 
Mnbrjro  produces  the  aev  generation  even  before  it  has  time  to  find  an 
intennedlste  host,  within  which  to  develop  into  a  sporocyBt,  There  is 
SMTtely  B  doQbt  bat  that  the  bud  is  formed  from  the  germ  cells  of  the 
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II.    Por.TSTO»II)«, 

The  e;:!.'s  in  the  PolyHtoniidii>  h\m  ftro  composod  of  the 
efrp:-cell  ].,npL'r  iind  ynlk-dens  (Kijf.  i"3).  Their  «>gif-mem- 
brane  is  [iii>viiie<I  with  an  operoulnm.  anii  oocaaioDally  wtlh 
a  long_  (ilifiii-m,  and  twiiited  prooeaa,  which  serve*  for  ihti 
attachmeiit  of  the  e(fgs  (W/iiowiia).  The  coarse  of  lipvelop- 
ment  is  siiii]>ler  than  in  the  DistniDidaB,  for  the  emitrj-ti 
while  still  ill  the  eKK-memhrane  attainii  nearly  the  form  ot 


-r.su  f 

.1  Micntoli,U  Mwiiii- 

iliitedaliclllinkneKi 

■iidal 

•rith  jDlk-c*li>  (>ru 

™Hi 

,T.C».«'.  L.J.rt«.l.). 

the  parent  (Oyrodaclylwi),  or  &t  least  |>atiRee  throngh  only  ft 
§ingle  metamorphosis,  not  an  alternation  of  gnnerationa 
(heteroRony). 

The  early  development  has  been  bat  little  studied.  We 
are  best  acquainted  with  it  (Zeller,  Nob.  16  and  17)  in  the 
case  of  Poly»tomuminlegernmum,  which  inhabits  the  arinarj 
bladder  of  the  frog.  The  eggs  of  this  species  are  voided  into 
the  water,  where  cleavage  soon  begins.     The  resnit  of  this 


PUTHELMISTHES  189 

is  a  Bphencal  rtiasa  of  cellii,  which  aubscqnently  beconU'H 
elongated,  and  thei-ebj  exhibits,  even  st  this  stAge,  the  form 
of  the  embryo.  The  fmidatnents  of  the  eyes,  the  sixteen 
hooks  of  the  clasping  disc  [i-etinauulam],  the  cavity  of  the 
intestine,  and  the  phiirynx  eoon  make  their  appeamuce  (Fig. 
94).  The  newly  hatched  embryo  poesesses  in  addition  five 
rows  of  cilia,  of  which  the  thfee  anterior  belong  to  the 
veDtral  sarface,  the  two  posterior  to  the  dorsal  surface. 
Furthermore  thei-e  is  a  fringe  of  cilia  in  front  on  the  head 
(Fig.  'Ji).  TUe  embryo,  leaving  the  egg  at  this  stage,  now 
seeks  the  tadpole  nf  the  frog,  to  thegilkof  which  it  attaches 
itself  by  means  of  the  hooks  and  sackei'B.  Here  the  ciliHted 
cells,  which  are  no  longer  of  any  use  tu  the  animal,  degene- 
rate, and  the  Pulystomnm  larva  approaches  moi'c  and  more 
the  form  of  tbe  parent.  In  extraordinary  cases  it  can 
attain  this  condition  even  in  tlie  branchial  cavity,  but  as  a 
rule  this  is  not  the  case ;  on  the  contrary,  the  yoang 
Pulyttoniiim,  upon  the  degeneration  of  the  gills  (if  the  tad- 
pole, penetrates  into  its  mouth-cavity,  migrates  through  the 
entire  length  of  its  intestine,  and  finally  passes  from  the 
ci<Hu»  into  the  urinary  bladder,  where  it  attains  sexnal 
matnrity. 

Difilmnim  paraitoxum,  which  is  remarkable  on  account  of 
JtA  flubserfacnt  habits,  also  leaves  the  egg  as  a  ciliated  larva 
(Zbllkk,  No.  Is).  Tiie  larva,  known  under  the  name  of 
DiptTpa,  bears  suckers  and  hooks,  by  the  aid  of  which  it 
Attaches  itself  to  the  gills  uf  fresh-water  fishes  (rboximu 
Unei*,  for  example).  It  can  remain  here  for  weeks  and 
months,  gradanlly  approachinf,' the  organization  of  the  adult. 
Bnt  before  it  ariives  at  this  condition  it  is  necessary  for  one 
individnal  to  unite  with  a  second,  and,  in  fact,  for  the  rest  uf 
tlieir  existence.  This  takes  place  by  the  larva  seizing  with 
its  ventral  sncker  a  knob-like  outgrowth  situated  on  tlie 
JMck  of  the  other  animal.  Then  the  second  individual  turns 
and  twistjt  its  body,  so  that  it  too  may  grasp  the  doreal 
pruminence  of  its  mate  with  its  ventral  sncker.  In  this 
posltiiin  the  two  animals  grow  together  firmly,  and  in  this 
condition  reach  sexaiil  maturity. 
TUe  cturse  of  development  in  Gyrodaclylui  elerjans,  one  of 
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the  Poll,,! 
markabtiv 
already  .ifsi 
still  in  ttie 
indeed,  tlit- 
new  indlvii 
within  till.. 


prod  ucli.  Ill 
processes  x 


•lid  f,  aJao  living  on  the  gills  oE  dshefl,  is  very  tv- 
llH  reproduction  approHobex  thkt  of  M/miMilnmum, 
?i'il)wl,  for  in  this  species  also  iho  cmbrrn  whilw 
liiuly  of  the  pnrent  contnins  nnoth<>r  vmhrro; 
tiiltcr  nlreadj  exhibits  within  itiitlf  tmcH'S  nf  ft 
lilt],  so  tb&t  fonr  frenerat'onn  aro  im'lndnl  one 
iilmr  (W*----"  *'— TCiisiitoft).  Aeoordingljr 
Mi^noiit'/m'  n   cflU  pitHlucH)  tho  nnw 

n-vy   ua  wis"    thi*    dovchipmr'ntal 

i.tvsryuM  that  of  thp  othf  !■  Tmma- 

'lU'i'  to  ni  rnitso  of  this  ncoolorntrtl 

line    wonli;  now  mom  accurately  the 

■niselves,  i  habits  of  iho  animal. 


III. 


'C  3A. 


The  easts  of  the  Ceatodes  exhibit  a  close  naemblance  lo 
those  of  llic  Tn'molodes.  Likp  these,  tlioy  an-  cunip.Hi-r]  ..f 
the  egg- eel  I  proper  and  a  natnber  of  yolk-cells;  wheiv  th« 
latter  are  wanting,  an  accessory  yolk-mass  correapanding  to 
them  appears  to  be  present.  The  eggs  are  snrronnded  by  ft 
thin  egg-membrane,  which  occasionally  possesses  a  morable 
lid.  The  development  of  the  eg^  takes  place  for  the  most 
part  in  the  nterus  of  the  parent,  but  in  many  forms  it  occnm 
only  after  the  eggs  are  laid.  In  the  latter  case  the  mem- 
brane is  thicker. 

The  investigations  of  E.  van  Benedih  and  Villot  on  the 
Txniadw,  and  especially  those  of  Schillssli.sd  on  the 
Bothriofephalidce,  have  shown  that  the  embryonic  develop- 
ment of  the  Cestnda  takes  place  in  a  manner  qnite  similar 
to  thai  of  the  Tromatodft. 

According  to  Sciiauinsland,  the  development  of  the  Bothrio- 
cephalid'e  is  accomplished  in  two  different  ways,  depeoding 
upon  whether  the  embryos  are  developed  be/orK  or  <i/(«r  op- 
position. The  undeveloped  eggs  which  are  deposited  in  the 
water  are  thick-shelled,  operciilated,  and  provided  with  a 
large  number  of  yolk-cells.  From  them  emerge  larvn  which 
boar  a  thick  coat  of  cilia.  The  eggs  of  the  second  kind  are 
thin-shelled,  without  an  opercalam,  and  provided  with  only 


a  reliitively  siaali  amount  of  yolk  material,  The  embryos 
iHintnineil  in  them  nre  nakeil. 

The  embryonic  development  of  the  Bothriocepha- 
lids  appi'oaclieH  clitsely  tliat  oE  the  Distomidfe.  CleavnK<; 
lakes  place  in  m  uch  the  same  way  afl  tliere.  At  an  early  p«i-iod 
two  cells  are  differentiated  at  the  two  poles  of  the  elotif;at#il 
j[erm,  npon  which  they  rest  like  a  cap.  They  then  jjrow 
around  it,  and  constitute  the  enveloping  membrane  (tldll- 
membran).  Afterwards  anothei-  cell  is  separated  off  from 
the  spherical  cell-mass  sarroonded  by  the  enveloping  mem- 
bmae,  and  this  at  first  also  coverH  the  germ  like  a  cap,  and 
then  grows  aiYinnd  it.  Later  this 
eilernal  layer  consists  of  seveml 
celb.  It  is  in  this  way  that  the 
ectoderm  is  formed.  The  embryo 
now  conHista  of  a  sinple  layer  of 
rctoderm  and  a  solid  entodermal 
mftBs  (Fig.  9o).  Six  chitinons 
bcMilcH  make  thtir  appeai-ance  in 
the  latter.  With  this  the  forma- 
tion of  ihe  embryo  is  completed. 
tt  is  Bnid  to  be  composed  of  the 
inner  (entodermal)  mass  only. 
The  ectoderm  sepai-ates  from  it. 
■o  that  a  apaco  arises  between 
ihr  two.  The  embryo  ia  now 
tarronnded  by  two  envelopes  in 
Addition  to  the  e<:^- membrane, 
the  ectodermal  tnnnlle,  and  the 
enveloping   membranp.      In    this 

respect,  too,  the  conditions  described  for  the  Distomidm  are 
repeated,  and  a  conipiiriaon  uf  Fig.  95  with  Fig.  8S  (on  p. 
lttO)iiho<VB  wittiotat  further  comment  the  close  agreement  of 
the  two  ftrunps  at  this  atnge  of  development. 

Wberens  the  embryo  quitting  the  egg  leaves  theenFclopjng 
mmnhmne  behind  in  the  egg-shell,  it  takes  the  ectodormiil 
mantlo  with  it  (Fig.  9o).  The  latter  either  se>-vea  actively 
in  Incijtnotioii  when  it  possesses  cilia,  or  it  swells  up  so  much 
in  the   water  thnt  it  serves  the   Urva  both  as  ti  protective 
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envelope  and  an  a  meunB  of  making  it  of  nearly  tlic  sAme 
weight  SH  TCnter,  theroby  enabling  it  to  float.  WIiltu  t^ilia 
are  pi-esent,  they  are  at  lirat  sliurt.  iind  only  ffnulnnllf  in. 
cr^ttse  in  length.  In  Itnthriocepkalut  ttttut  tlic  cxcLiM.lingly 
delicate  cilia  attain  a  verj  great  length.  Aftur  thr  larrn 
hfts  floated  aliout  in  the  water  fur  a  time,  andei*  certain  i-ati' 
dittons  for  Heveral  days,  it  divests  itAulf  at  the  mantle, 
whether  ciliated  or  not.  In  many  cases  (as  somntinii'S  wpn 
in  liiithrioceplialiit  lalut)  it  may  at  the  very  Ix-^fioninK  irtrip 
oS  the  mantle  with  the  euTeloDtnif  membi^uie.  Kven  in  thin 
naked  condition  the  lai  >  free  for  a  time,  but  finally 

perishes,  if  it  tinda  no  '•  o  nu.  (. 

BciuuiKHL.iM>  eiplaina  the  circumcrescnncd  ol  the  germ  by  Ih*  ca)j- 
Eha|)e4l  Delia,  wliicb  ocean  twice  in  n  r  th*  iwiiie  wftv,  lu  sn  vpiloilj. 
Accordingly  he  la  compelled  to  usami  completo  low  ot  ibo  rcluderm  in 
the  caslinit  off  of  the  seperDaial  layer.  The  embryo  in  devolupcd  oat  ol 
the  eoiodenn  alone.  He  finds  a  support  (o  this  (iev  in  the  (act  tt»t  up 
to  the  prpwnllinie  no  nrtuttl  body  epilholiiim  biia  been  found  nlbiT  in 
the  C«stoda  or  in  the  Treiuatoda.  This  fBOt  la  in  his  opinion  an  argn. 
meat  that  ectoderaial  Btruclures  ore  not  pieaent  in  these  cases,  a  view 
that  Lkhcurt  (No.  H)  also  maintains.  In  any  event  the  oriKin  ol  (he 
cuticula.like  dermal  layer  meritB  a  thorough  investigation.  If,  as  is  to 
be  conjectured,  it  arises  by  the  metamorphosis  of  a  superficial  cell'layer 
(E.  ZiEoLEH.  ScHwiHZE,ft  alii),  then  il  would  correspond  lotbe  body  epi- 
.  theliuiu.  The  question  whether  in  the  casting  ofl  ol  the  outer  layer  tbe 
entire  ectoderm  is  removed,  or  whether  certain  ol  its  celts  still  remain 
behind,  must  be  difficult  lo  determine  on  account  of  the  small  sice  ol  tbe 


'   [As  is  welt  known,  a  distinct  epithelium  could  not  be  lound  on  Ibe 
external  surface  in  Ceatodes  and  Tremalodes.     It  wss  natural  to  connect 
this  lact,  the  absence  of  tbe  body  epithelium,  with  tbe  easting  ofl  of  the 
eilemal  cell. layers  in  tbe  embryo,  and  thus  to  assone  that  the  entil* 
ectoderm  was  lost.     A  body  epitbebimi.  therefore,  oould  not  be  present. 
This  question  has  often  been  considered,  and  eveo,reaently  has  been  re*     — 
aumed.     While  same  investigators  assume  that  tbe  cuticula  which  coven  «b 
the  body  IB  secreted  by  the  aubcuticulsr  layer,  and  that  the  tatter  is  a  .^ 
part  of  the  body  parenchyma  |Biu!jdis,  Loos),  others  maintain  that  it  i^^ 
a  metamorphosed  epithelium,  and  beheve  they  see,  more  ortessdistinetly..  ~1 
cell  nuclei  retained  in  it  (Biuun.  Monticellj).    The  moat  of  these  obaar — '3 
vstions  refer  to  the  Tremalodes,  although  iuvestigations  in  this  direetioiK^ 
have   also  been   made  on  Ceslodes  (ZonBAFr,  Obassi  ;  see  Appendix  1l.w  " 
Literaturt  on  C'eatoda).     ZouHArr  in  particular  finds  that  in  varioDs  Cca-^M 


PLATHELMINTHES  193 

The  formation  of  the  larval  membranes  in  the  Trematodes  and  Ces- 
todee  recalls  in  a  striking  maimer  the  Amnion  and  Pilidium  in  the  Nemer- 
team.  Since,  however,  similar  processes  do  not  occor  in  the  TurbeVaria^ 
— to  which  relationships  are  shown  by  the  Trematodes  and  Cestodes  on 
one  side,  and  by  the  Nemerteatu  on  the  other, — and  since  the  Turbellaria 
are  to  be  considered  as  the  more  primitive  forms,  we  have  here  to  do  with 
only  analogous  phenomena. 

The  embryonic  development  of  the  Taeniadae  difPers 

to  some  extent  from  that  of  the  Bothriocephaltdcej  but  leads 
finally  to  a  similar  result  (Leuckart,  No.  8 ;  Moniez,  No.  9  ; 
E.  VAN  Benedbn,  No.  2).     A  difference  is  caused  from  the 
verj  beginning  by  the  yolk-material  bestowed  upon  the  egg 
being  less  abundant,  or  not  in  the  form  of  distinct  cells.     In 
TcBtUa  serrata  the  egg- cell  lies  embedded  in  this  yolk-material. 
In  other  cases  the  yolk  appears  to  enter  into  still  more  inti- 
mate relations  with  the  egg-cell ;  however,  it  appears  from 
the  somewhat  various  statements  of  the  authors  concerning 
the  different  forms  that  even   in  these  cases  the  nutritive 
material  becomes  separated  as  early  as  the  first  divisions  of 
the  egg.     There  are  one  or  several  rather  voluminous,  gene- 
Tally  granular  cells,  which  are  thus  at  first  constricted  off  and 
then  consumed,  while  the  other  cellular  matter  multiplies 
further.     In  Taenia  cucumerina,  it  is  true,  the  entire  egg  is 
said  to  be  transformed  directly  by  means  of  a  rather  regular 
cleavage  into  the  embryonie  cell- mass  (Moniez).      In  the 
further  development  of  the  TeeniadsB  we  can  find  again  the 
characters  which  we  observed  in  the  Bothriocephalidce,  al- 
^hoogh  the  details  of  the  process  are  somewhat  different. 
Hn  the  TeeniadflB  also  certain  cells  detach  themselves  at  an 
^mrly  period,  and  grow  around  the  germ  as  its  enveloping 
^^nembrane.      In  the  TseniadeB  known  as  the  Bladder-tape- 
"^ormB,  the  second  membrane  may  present  an  appearance 
^somewhat  different  from  that  with  which  we  have  thus  far 
[uainted  ourselves.     It  becomes  cuticularized,  assumes  a 
iially  striated  appearance,  and  thus  finally  forms  a  firm 
'^nembrane  about  the  embryo,  which  even  in  this  stage  is 


the  subeatioular  matrix  is  independent  of  tbe  connective* tissue  body 
'^sarenchyma,  and  explains  how  in  the  embryo  an  ectodermal  cell -layer 
^Ktill  remains  behind  after  the  casting  off  of  the  ciliated  mantle. — K.] 

K.  H.  E.  0 
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«qaipped  ivith  three  pwre  of  hooks.  Farthormore,  according 
to  TAN  Benkuen,  n  cortical  layer  can  early  ha  dUtinguishod 
from  the  differently  conHtitated  internal  cell-niMe ;  and 
SCHAtilHSLANU  aho  speaks  of  smnller  jienjihcral  cells  uid 
lar^r  central  ones.  It  is  nataial  to  rcj^ard  tbU  as  a  differ- 
entiation inio  the  ttvo  germ-layei-s,  thoafi;h  ScBACtNSi.jtND  be- 
lieves that  snch  ianot  the  case.  Acoordinp  to  him,  the  ontii-n 
ectoderm,  with  the  two  ™^,  is  excluded  from  rnrthcr 

participation  in  the  format  9  embryo,  which  consinta 

exclnsirelf  of  n  homogeneo.  >ss :  the  entoderm.     Thia 

point,  and  cs[)ecially  the  or.  he  layeri  of  the  embryo, 

appears  to  us  in  urgent  ne  :ved  investigaliou. 

With  ScBtriSKUM),  we  r«  he  log;  of  the  cmbrjonat  nmn- 

branea  of  the  BothHociplutiiatc,  lanh  ad  DUtamiir  m  noqtiMtion- 

able.  Thediilcrtnt  ileTelopment  of  wo  Bcoond  mtoibrane— In  the  one 
case  inloscilinkil  1fi}-«r,  in  the  other  into  a  chitinoua1ijer—i«  drunninod 
by  the  mode  ol  IiIl>  of  the  particutnr  wonna.  Some  ol  Lbvii)  iotialiit 
animalB  whit;li  imiiiiivially  conio  in  contact  with  water,  la  tiirm  lli* 
deposited  eggs  develop  VG17  quickly  uid  reqaire  no  special  pnitemion. 
The  others  inhabit  Isnd  animals.  Their  eggs  reach  the  outside  world 
vhile  still  within  the  progloltit,  and  the  more  the  already  dereloped 
embryos  are  protected  against  desiccation,  the  better  their  prospects  lor 
ezistenoe.  Hence  the  development  of  the  ohitinooe  membrane.  In  ineh 
Taniada,  on  the  contrary,  aa  inhabit  aqnatic  animals,  the  chitiniari 
embryonal  mentbrane  mfty  be  absent,  and  in  place  of  it  there  may 
appear  a  thin  membrane,  similar  to  the  non'Oiliated  ectodermal  mantle 
ol  many  Bothrioeephalida  (ScHAmxaLiiiD.  No.  12]. 

The  further  development  of  the  eix-hook  embryo  (Fig. 
9t>  A)  takes  place  only  after  it  has  mif^ted  into  an 
intermediate  host.  Either  this  may  take  place  directly, — 
when  the  embryo,  as  in  the  Bothrioeephalida,  is  a  &«e- 
swimming  larva,  and  so  at  once  migrates  iato  an  aqnatic 
animal, — or  the  embryos,  still  enclosed  in  tlie  egg-membrane, 
may  enter  by  passive  means  into  the  intermediate  host. 
Generally  this  happens  by  the  segment  of  the  tapeworm, 
which  crawls  abont  on  plants,  being  swallowed  with  the 
food.  The  proglottia  ia  digested  in  the  stomach,  the  e^a 
thereby  become  free,  their  membrane  mptnres,  and  the 
embryos  now  find  themselves  within  the  intestinal  canaj. 
They  do  not  remain  there  long,  bat  penetrate  into  the  in- 


PLATH£LMINTHES  195 

testinal  wall  by  means  of  the  boring  movements  of  their 
booklets.  In  this  way  apparently  they  arrive  in  the  blood- 
vessels, and  are  probably  carried  along  by  the  blood  current, 
finally  to  take  np  their  permanent  abode  in  various  organs, 
very  frequently  in  the  liver,  sometimes  in  the  brain,  in  the 
musculature,  etc.  There  a  vigorous  growth  soon  begins ; 
this  is  connected  with  a  simultaneous  activity  of  the  sur- 
rounding tissues,  which  form  a  membrane  about  the  intruded 
foreign  body.  The  latter  now  casts  off  its  hooks,  and  on 
its  surface  there  appears  a  rather  thick  cuticula,  under- 
neath which  circular  and  longitudinal  muscle  fibres  are 
differentiated.  Beneath  these  there  follows  a  cortical 
layer  resembling  connective  tissue,  which  differs  from  the 
central  parenchymatous  tissue  (Fig.  96  B).  The  latter  soon 
exhibits  spaces,  in  which  an  aqueous  fluid  makes  its  appear- 
ance. By  the  coalescing  of  these  spaces  with  one  another,  a 
large  cavity  filled  with  fluid  finally  arises  within  the  body. 
Herewith  the  development  of  the  tapeworm  has  reached  the 
stage  which  is  known  as  the  Cysticercus,  hladder-worm^  or 
hydatid.  It  has  been  compared  to  the  sporocyst  of  the 
Trematoda,  although  it  presents  no  particular  resemblance 
to  it  either  in  structure  or  in  regard  to  its  further  develop- 
ment.^ 

The  excretory  system  has  the  same  organization  in  the 
bladder- worm  as  in  the  tapeworm.  It  is  composed  of  capil- 
laries which  arise  in  ciliated  funnels  in  the  tissues,  and 
discharge  into  larger  stems.  The  latter  unite  into  the  chief 
trunks,  which  may  fuse  to  form  a  short  sac  at  the  posterior 
end  and  there  open  to  the  exterior  (G.  Wagbner,  Leuckart).* 

*  [In  many  cases  the  formation  of  a  cavity  in  the  Cysticercus  is  greatly 
reduced  or  becomes  entirely  suppressed.  There  are  found  in  the  lungs 
of  crows  and  in  the  body-cavity  of  Lacerta  vivipara,  for  example, 
Cysiicerci  of  this  kind  {PUtocyttU  variabilis  and  P.  dythiridium  Die8ing)t 
the  body  of  which  is  filled  with  a  continuous  connective  tissue  (Leuckart). 
Such  Cysticercus  stages  of  Cestodes  have  been  designated  by  the  name 
PUroeerci  and  PUrocereoidt  (M.  Bxuun), — by  the  latter  when  the  scolex 
is  only  slightly  marked  off  from  the  bladder.  Such,  to  a  certain  extent 
aberrant,  bladder-worms  are  found  in  the  TaBuiadaB,  as  well  as  in  the 
Bothriooephalidfe  and  other  Cestodes. — K.] 

*  [The  Cysticerci  with  long  caudal  appendages,  which  occur  in  in* 
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DHtecl  mpbilto  procrsi  wiEta  aUacbed  ve^ids  o 

T.  Mlium ;  G.  Kolex  of  r.  in'mrg 

onl J  a  few  segtnonta. 

vertebrated  ammalB,  e^pecinllj  in  Cmstaces  (t.g.  Oammanis  knd  C;eloi>s). 
tre  very  noteworth;  ;  their  relation itliipa,  however,  are  not  ;et  safficiently 
underHlood.  The  aaiidal  appenrla^,  which  soiiK-lituin  RtUuns  a  verj 
consiiJerBible  len^,  carries  about  with  it  the  reiuuns  of  the  embijonal 
envelope)).  Thin  stage  in  the  development  of  the  Cestodes  therebj 
acqoires  to  a  certain  extent  the  appearance  of  a  Ceroana.  Such  tail- 
bearinR  Cjaticerci,  which  belong  espeoially  to  the  senuR  Tieoia,  have 
been  repeatedly  discovered  in  recent  yeari).  and  caretully  studied  bj 
Hahjnh,  Mbazek,  and  Omanb;  e  ilovKi.i.i  (see  Apjiendiii 
-K.l 
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yolame.  The  Cjsticercus  of  EchinococcuSf  which  remains  for 
several  months  in  this  stage,  attains  dnring  this  period  abont 
the  size  of  a  walnut,  bat,  as  is  well  known,  it  may  become 
much  larger ;  that  of  Tcenia  coenurus  grows  in  five  weeks  to 
the  size  of  a  pea.  Most  of  the  Cysticerci  reach  in  the  course 
of  three  weeks  or  so  the  diameter  of  about  1  mm.  Then  a 
rapid  cell-growth  is  noticeable  at  the  anterior  pole.  This 
grows  inward  in  the  form  of  a  knob  (Fig.  96  B  and  (7). 
Corresponding  to  the  cell-proliferation,  there  is  a  pit-like 
depression  on  the  surface  of  the  vesicle,  which  increases  in 
depth  with  the  growth  of  the  knob.  The  entire  growth 
represents  the  fundament  of  the  head  of  the  tapeworm 
(8Colex\  which  therefore  arises  as  an  invagination  of  the  wall 
of  the  vesicle  (Fig.  96  B  to  F).  It  appears  that  the  want  of 
space,  to  which  the  tapeworm  is  subjected  as  the  result  of 
its  mode  of  life,  has  the  effect  of  preventing  the  scolex  from 
arising  as  an  [external]  appendage  of  the  body,  as  would 
seem  most  natural,  and  causes  it  to  be  formed  as  an  invagina- 
tion of  the  vesicle,  which  is  only  subsequently  evaginated. 

The  suckers  arise  as  pit-like  depressions  of  the  lateral 
walls  of  the  cavity  of  the  cephalic  knob,  and  the  hooks  of 
the  head  of  the  tapeworm  are  developed  at  the  bottom  of 
this  cavity  (Fig.  96  D).  The  head  is  now  completely  formed 
in  negative.  Beginning  with  the  deepest  part,  the  future 
rostellum  (Fig.  96  E)y  the  head  is  completely  reversed  by 
evagination  (Fig.  96  i^,  and  thus  attains  its  permanent 
form.  It  then  appears  as  an  evagination  of  the  vesicle, 
which  is  attached  to  its  posterior  end  (Fig.  96  F), 

Before  the  later  developmental  processes  and  the  meta- 
morphosis into  the  tapeworm  can  be  completed,  it  is  neces- 
sary for  the  Cysticercus  to  enter  into  another  animal.  This 
takes  place  by  its  host  being  eaten  in  part  or  in  whole  by 
the  final  host  of  the  tapeworm.  In  the  stomach  of  the  final 
host  the  scolex  loses  the  caudal  vesicle  by  its  being  digested. 
In  Fig.  96  (7  a  small  remnant  of  the  bladder  is  still  seen 
attached  to  the  scolex,  which  has  just  become  free.  The 
B<?oiex  usually  passes  farther  back  in  the  intestine,  sinks  its 
hooks  and  suckers  into  the  mucous  membrane,  and  upon  the 
appearance  of  segmentation  becomes   an   adult   tapeworm 
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(Fig.  96  W).  Ordinarily  only  the  nock  portion  of  the 
flcolex,  wiiich  ig  immpiiiately  attached  to  the  h«ad,  in  uid 
to  be  inrlmfed  in  the  adult  worm,  whercM  all  the  i*»t  A'uh 
inteftratcs.  Lkdckaiit  obBerved  snch  young  stn^a  of  3'(nii« 
foliim,  which  moved  about  freely  in  the  int«atino  of  th«ir 
host  by  fxit'iidiog  their  suckers  like  arms  nnd  again  retrsct- 
ing  them.     Tin  '  ■  bo  much  clnngnlvd  iw  in 

the  case  iifti?i-  i  i-oni  the  CysticorcuB  (com- 

pare Fig.  9ij  F),  V  lort  atump-like  appcndagr. 

The  fortnfLtioR  i  ^akea  place  in  anch  a  way 

that  the  termii  oldest,  and  the  j'onngect 

ones  are  alwaj  the  vicinity  of  the  head. 

Growth   nnd  f(ji  nts  take   place  so  rapidly 

that  the  tiipeworm  a  great  length,  and    tbe 

posterior  s<-^nent8  beuu.  v     ed  from  the  otheru.     With 

the  f«eceti  nf  the  host  they  reacu  the  outside  world,  where 
they  are  etmoantercd  creeping  about  slowlj-. 

In  tKe  younger  proglottides  nothing  can  as  yet  be  recognited  of  the 
genital  apparatus.  This  arises  out  of  the  parenchjmatoDB  tissue  in  the 
central  pact  of  the  proglottiii,  which  k>  a  certain  extent  still  reroaina  in 
an  embryonic  condition,  as  the  result  of  a  more  compact  ""—'"b  of  the 
oelU.  This  cell-mass,  which  is  at  first  spherioal.  later  elongates  and  U 
differentiated  in  such  a  manner  that  three  cords  of  oells  ocoapying  the 
longitudinal  aiis  of  the  wonn  can  be  distinguish^^'  F-  Schhuit,  who 
studied  these  conditiona  in  Bothriocrphatut  lalai,  found  that  these  thna 
cell-cords  produced  the  sexual  ducts,  which,  therefore,  begin  to  develop 
earlier  than  the  tjerm  glands.  In  consequence  of  a  loxurianl  cell-prali- 
teration,  these  cords  increase  in  length,  the  ventral  one,  which  is  earliert 
differentiated,  becoming  the  vagina,  the  dorsal  becoming  the  vaa  detereaa. 
and  the  extensive  cell-mass  lying  between  them  becoming  the  uWnia. 
In  proglottides  of  BolkrioetphaluM  which  lie  about  50  cm.  behind  the 
bead,  the  sexual  ducts  have  become  connected  with  tbe  Borfaoe  of  Um 
body,  and  tbe  seiaal  openings  can  be  recognized-  About  10  em.  behind 
the  head  the  genital  fundaments  appear  simply  as  a  dark  longitadinal 
streak  in  the  middle  line  of  tbe  segments.  Tbe  germ  glands  and  vilel- 
laria  likewise  arise  from  the  parenchymatous  tiesae,  but  independently 
of  tbe  ducts,  with  which  they  become  connected  by  means  of  coida  o[ 
parenchymatous  cells,  which  afterwards  become  hollow. 

General  Considerations. — Tbe  course  of  development  in  tbe 
Ceslodes  has  met  with  various  interpretations.  The  older  eonoeptioft, 
established  by  BTEEHSTaup,  looks  upon  it  as  a  true  alternation  ot 
ftenerations.     According  to  this  theory,  inasmuch  as  the  soolei  bad*    . 
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oat  from  the  Cysticercus  by  non-sexaal  methods,  and  then  itself  sepa- 
rates by  division  into  proglottides,  each  sexual  generation,  the  product 
of  which  is  the  embryo  (Cysticercus),  is  followed  by  two  non-sexual 
generations.  On  the  other  hand,  in  view  of  the  circumstance  that  in 
all  probability  the  continuity  of  the  individual  persists,  the  course  of 
development  in  the  tapeworm  has  more  recently  been  explained  as  a 
metamorphosis  (Grobben,  No.  4 ;  Glaus,  No.  3).  Certain  very  simply 
organized  tapeworms,  such  as  Archigetes,  and  a  tapeworm  living  in  the 
body -cavity  of  Cyclops  (Leuckabt,  No.  7  ;  A.  Gruber,  No.  5),  are  evidence 
in  favour  of  this  view.  These  Cestodes  appear  to  reach  the  permanent 
condition  without  first  passing  through  the  typical  Cysticercus  stage. 
The  one  last  mentioned  is  qpnverted  directly  into  the  sexually  mature 
animal ;  the  other  is  metamorphosed  into  the  sexual  animal,  simply  by 
its  body  becoming  separated  into  an  anterior  and  posterior  portion, 
whereby  the  worm  acquires  a  Cercaria-like  appearance  (Leuckabt,  No. 
7).  If  one  considers  the  posterior  portion  of  the  body  as  equivalent  to 
the  bladder  of  the  Cysticercus,  this  tapeworm  arrives  at  sexual  maturity 
even  in  the  Cysticercus  stage. 

Like  Arehigetest  the  unsegmented  GaryophylUeus,  which  is  provided 
with  a  single  set  of  sexual  apparatus,  represents  throughout  life  a  stage 
which  is  equivalent  to  the  scolex  of  other  tapeworms,  together  with  a 
single  accompanying  segment.  Therefore  the  development  of  the 
embryo  into  the  scolex  would  correspond  to  a  metamorphosis,  in  which, 
however,  it  is  to  be  noted  that  with  the  bladder  are  cast  off  parts  of  the 
body  which  originally  represented  the  body  of  the  entire  individual.  But 
a  similar  state  of  affairs  exists  in  the  origin  of  the  Nemertean  from  the 
Pilidiwn,  and  the  starfish  from  the  Bipinnaria^  without  our  calling  these 
processes  alternation  of  generations. 

As  regards  the  second  process  of  non-sexual  reproduction — namely,  the 

division  into  proglottides — those  cases    are  particularly  noteworthy  in 

which,  as  in  some  Acanthobothrida  and  Echenelbothrida,  the  proglottides 

after    detachment  are  able  to  live  for  a  long  time,  and  increase    to 

several  times  their  former  volume.      They  give  the  impression  that  one 

has  to  do  with  independently  living  individuals  resembling  somewhat 

Dutomum,      However,  one  must  consider  even  here  the  earliest  origin 

cf  the  Cestodes,  and  go  back  to  forms  which,  like  Caryophyllans  and 

AmphiptycheSf  exhibit  only  one  set  of  genital  apparatus.    They  might  be 

traced  back  through  transitional  forms  like  Amphilina  (comp.  tn/ra, 

;X).  301)  to  forms  resembling  Trematodes.     In  the  beginning  only  one  set 

^9f  sexual  apparatus  was  present,  later  numerous  sets  made  their  appear- 

^Anoe,  and  this  condition  led,  by  reason  of  its  advantage,  to  the  detach- 

^cnent  of  individual  segments  of  the  body.      The  Ligulid<e  may  perhaps 

ive  us  some  foothold  in  this  connection.    Even  if  the  conditions  which 

e  find  in  them  are  to  be  considered  as  regressive,  they  may,  neverthe- 

be  looked  upon  as  reversions  to  an  earlier  condition.     In  the 

igulidie  the  genital  organs  are  repeated  without  the  appearance  of  an 
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outward  Begin  en  tntioii  of  the  body,  Tho  entire  kniinU,  thwelon. 
correBpondB  to  an  iniLvidnal  wilh  a  eegniGnted  UTingenwai  of  UlO 
organs,  and  iioi  to  an  animal  Htock.  Tho  K^nilal  organs  Ibcnweli'm 
agree  with  tho^E!  of  the  citemall;  tegmenl^d  Ce«t<Klu>,  aiid  il  ajipaan, 
therefore,  as  if  v.e  had  before  us  in  Ihii  cum  a  condiliun  which 
corresponda  to  n  mure  primitive  stage  of  the  Oefitudeii. 

Although,  tmm  what  has  just  been  said,  the  couru  of  devclopmanl 
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ditions are  aiill  more  complicated  when  il:ere  is  ioterpolatnl  a  amw- 
ration  of  daujihlervesieleE,  «hich  bud  from  the  parent  vecicte  and  in 
turn  alone  give  rise  to  the  beads. 

In  conclusion  we  refer  once  more  to  the  relation  between  Ceatodeaand 
Trentatodes.  In  addition  to  other  anatomical  characters,  it  ia  e^eciallj 
the  Btmcture  of  the  genital  apparatus  which  brings  the  two  groups  verj  cdoa« 
to  each  other.  In  both,  the  yolk  Rlands,  in  addition  to  the  genu  glands, 
contribnte  to  the  production  of  the  eggs,  which  are  therefore  compoaed  of 
two  kinds  of  cells.  The  development,  too,  proceeds  in  a  homolattona 
manner,  and  shows,  above  all,  a  great  similarity  in  the  formation  of  th« 
embryonal  membranes.  In  considering  the  Inttber  stages  of  the  de- 
velopmental eycle,  we  are  led  by  such  forms  as  Anhigetti  (see  mpra, 
p.  199),  which  must  be  considered  as  a  sexually  mature  eyrtioenesd 
larva,  to  the  comparison  of  the  Cysticercns  stage  of  the  Ctatodea  with  tha 
Cercaria  of  the  Trematodes,  in  which  the  oaudal  appendaga  o(  tlw 
Cercaria  ia  to  be  considered  as  the  equivalent  of  the  veaiculai  poctMioc 
end  of  the  Cyaticercus  (Clius).  In  such  an  interpretation  we  moat  con- 
sider the  sporocysts  and  Redin  as  secondarily  interpolated  links  ot  the 
developmental  cycle.  They  are  essentially  larval  organiams,  reprodae- 
ing  parthenogeaeticolly,  in  which  the  organiaation  and  the  form  ol  tha 
Cercaria  have  secondarily  undergone  an  alteration  and  partial  degeaeim- 
lion.  In  moat  o(  the  Cestodes  therefore  the  development  tron  tfae  egg  to 
the  complete  tapeworm  must  be  considered  ai  a  simple  a 
an  alternation  of  generations  being  recognisable  only  in  (be  E 
bladdera,  where  the  young  forms  (CystioercQa  stage)  posset  the  powvr 
ol  reproduction  by  means  of  budding.  The  development  ot  tlw  Trtxa^- 
todes,  on  the  contrary,  appears  under  the  (onn  ol  batecogan;,  in  which 
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several  parihenogenetioally  reproducing  generations  of  larval  forms  have 
been  interpolated  into  the  life-cycle.  The  close  relationship  of  the 
Trematodes  and  Cestodes  is  supported  not  only  by  their  anatomical  and 
embryological  agreement,  but  also  by  the  existence  of  a  iorm^Amphilina 
foliaeea— which  in  its  external  shape  more  nearly  resembles  the  Trema- 
odes  and  was  formerly  reckoned  among  them  (under  the  name  of  Mono- 
stomwn  foliaceum  Rud.),  but  which,  owing  to  the  absence  of  an  intes- 
tinal canal  and  on  account  of  the  structure  of  the  genital  organs,  must 
be  placed  among  the  Cestodes  (G.  Waoeneb,  No.  15).  Its  body  is  of  a 
leaf -like  form,  and  there'  is  only  a  single  sexual  apparatus  present.  The 
embryonic  development  takes  place  as  in  the  Trematodes  and  Cestodes 
(Salbnbxy,  No.  11).  The  egg  is  composed  of  an  egg-cell  and  yolk-cells. 
An  embryonal  membrane  is  formed,  which  the  embryo  breaks  through. 
This  is  armed  with  ten  hooks,  similar  to  those  of  the  tapeworm 
embryos. 

As  regards  the  derivation  of  the  Trematodes,  they  are  to 
be  referred  to  free-living,  Turbellarian-like  Plathelminthes, 
which  adapted  themselves  to  a  parasitic  life. 
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CHAPTER  V. 

I  DICTEUn>£. 


The  Dicyemidoo  ware 
the  OrthoDectidffi  In  t)i«  >•• 
The;  were  more  than 

tion     (v.    Kiil.LIKER, 

knowled^  uf  their  oi.ru 
qoired  nntil  recent  times. 


a  early  as  1839  by  Kroh5, 
Cefkkrtrin  and  Mclsioan. 
hat  the  object  of  invnttigA- 
I  «),  but  a  moiw  ihoroufth 
1  dovelopmeut  wun  not  nc- 
knowlodge  o!  the  lattei- 


division  of  these  most  simply  constrncted,  p&raaitto  creature* 
isdoo  principally  to  the  esertionsof  A.  Oiabo,  METsniMiKorF, 
and  Ji'i.iN,  whereas  the  Uicyemidii?  have  boon  tboronghlj 
studied  by  E.  vas  Benedem  and  Whithan. 

I.    ORTHONECTID^C. 
SvsTEHATiC  ;  There  are  only  two  species  known  : — 

(1)  Bkopalura  Qiardii  Metichn.  (Rh.  ophioeoma  Oiard.,  Into- 
thia  gigag  Qiard.'),  from  Amphiura  tquamala  ; 

(2)  Rhopalura  Intothii  MeUchn.  (probably  aynonymons  with 
Inlothia  Linei  and  Leploplance  Qiard.),  from  Nomertet  lacteiu. 

The  OrthonectidtB,  which  live  paraaitically  in  TurbeliarioMg, 
Nemertearu,  and  Ophiuraiu,  exhibit  a  striking  sexual  dimor- 


phi. 

97  A  and  B). 

are  composed 


cylindriquet 
(forvxes  aplal 
segmentatic 


and  female  differ  both  in  form  and  sixe  (Rg. 
The  orgaaiEatioQ  is  very  simple.  The  feniAlea 
of  only  a  peripheral  cell-layer  and  a  oentisl 
cell-mass  (Fig.  97^).  They  are  spindle-shaped  and  ooverad 
on  the  surface  with  vibratile  cilia.  However,  two  fomu 
are  distingnishable  :  those  with  a  cylindrical  body  (formtt 
of  Jolih)  and  those  with  a  flattened  body 
i).  Both  forms  exhibit  a  kind  of  extema^B 
They  probably  migrate  oat  of  the  body  o^^ 
the  Ophinran  {Amphiura  tqvamata)  which  they  inhabit,  u^r-^ 
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order  to  seek  a  new  host.  In  the  body  cavity  of  the  latter, 
af^in  an  Amphiiira,  their  life-tiatory  is  continned,  but  in  a 
differant  maimer  in  the  two  forms.  The  Jlaitened  females 
are  said  by  Julfn  to  break  up  into  a  number  of  fragments, 
each  one  of  which  is  composed  of  several  central  and  peri- 
pheral cells.  These  ciliated  offspring  develop  into  the 
"plasmodial  sacs"  of  Metschnikofk  (No.  6).  These  are 
sac-Uke  structnres,  which  consint  of  a  granulated  mass,  and 
exist  in  lai^e  numbers  within  the  body  cavity  of  Amphiura 
and  Nemertet.  The  central  cells  contained  in  them  are  fo  be 
considered  as  eggs,  and 
(in  consequence  of  a 
kind  of  parthenogenetic 
reprodnction)  supply 
both  forms  of  females. 
The  cylindrical  females 
while  still  in  theii-  new 
host  expel  their  centiul 
cells — i.e.,  the  eggs — tuvi 
these  develop  into  iii- 
divjdnals  which  diSer 
ooDsideiably  in  shape 
from  the  females  alrea<lj 
described.  They  are  (In 
malefi  of  Shopalura  (>' tir ' 
dii,  which,  according  t" 
JUMK,  are  brought  fui  t  li 
by  the  cylindricn) 
femalea  only.  Whereas 
the  body  of  the  female 
is  segmented  externally 
into  nine  rings,  there  are 

only  six  rings  in  the  male  (Fig.  97  B).  The 
aa  in  the  females,  is  without  cilia.  The  tive  rows  of  cells 
which  constituto  it  contain  pecnliar  highly  refractive  bodies. 
Within  the  animal  there  in  differentiated  an  oval,  sac-like 
organ  of  a  gi-anular  appearanne.  From  it  Sno  cords,  which 
■ra  interpreted  as  magcle  fibres,  extend  in  the  body  forward 
Mid  backward.     The  organ  itself  corresponds  to  the  testis ; 


i,^ 


KiQ.  07 .1,  cflindrlMl  rsmalai  B,   naia 

BhiTiHilum  Outran' (nftcr  Jvu>)i  U.testui 
,  muDcilo  (tbier. 


EUltRIFOLOQT 


it  is  foniKl  to  be  fnll  ot  nponnntoxon.     The  Utter  proscnt 
the    typical     appeftranco    of    flftffoUttto    Mcminal    filaments 

(MKTSCHNIKOhF), 

It  has  tint  yet  been  observed  in  whnt  mRnner  fertilization 
takes  place.  Jilib  saw  that  the  aaporficial  cells  of  tht  uinlo 
detached  thcmselveB,  and  tUat  iu  tbis  way  the  apermatoioa 
became  ficc.  Since  malee  aud  females  swim  about  fruc  in 
the  water,  it  is  possible  u.  eminal  tilsmentn  pcnetmle 

into  the  female,  and  that  l  antly  fertilizalinn  is  inter- 

nal.    The   egys  destined  to  m       ice  females  develop  inxide 
the  "plasmodial  saca,"  tho     i 
body  cavity  of  the  An 


differ  greatly  repard 
Development  o 

arises  as  thLi  roHult  ot  ti 


iuoiug  males,  frcn  in  the 

'he  statemouts  of  anlhunt 

yonio  doTelopment. 

— Acooi-dinjj  to  J(*LiN.  thtrv 

I  cleavage  au  epibolic  gaii- 

trnia  (coinp.  Fig,  9H  A 

and  B),  the  inner  layer 

of  which  is  at  first  n>- 

presentcd  by  only  one 

large  cell.     Later,  oelU 

are  separated  from  thU 

ftbore  and  below  (Vift- 

'JSC)-    While  the  lanre 

central    cell,    bj   enb- 


leqoi 


ntly 


many  times,  becomes 
the  fnndanient  of  the 
testia,  the  mnnle  fibre* 
arise  front  the  oelU 
that  were  previously  separated  off  from  it,  and  which  at 
first  rest  npon  it  in  the  form  of  a  cap  (Fig.  98  D  and  S). 
The  larva  assnmee  the  type  of  the  adalt  animal  as  the  result 
of  the  appearance  of  the  characteristic  dirision  of  the  anr- 
face  of  the  body  into  rings,  the  toss  of  cilia  on  the  seoond 
ring,  and  the  formation  in  it  of  the  highly  refractive 
bodies. 

According  to  MrrscBNiiorr,  an  epibol;  does  not  take  plaoe,  tmt  Omr-^ 
arines  a  Rolid  heap  ol  celle  of  rather  anitorm  site,  trom  whioh  the  ool^^ 
Ujrer  uid  the  genital  tundament  are  labaaqnentlT  dillerantiatsd.    ""^'      ' 


I 
I 
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•Iher  hand.  Oiinn  in  hia  Gret  oommuniMtion  deacribed  the  farmatioD  of 
ui  cpibotic  gastnila. 

Development  of  the  Female.— The  first  ntn^ea  of 
cleavage  are  not  known.  According  to  JitLis,  there  is  pi-o- 
daced  here  also  an  epibolic  gaatrnla,  the  entoderm  of  wbidh 
conaUts  even  at  an  early  stage  of  a  large  nnnibei-  of  cells. 
A  peripheral  layer  is  said  to  be  differentiated  from  it  into  a 
layer  of  cylindrical  cells,  which,  sitaated  under  the  ectoderm, 
Bttrroands  the  central  mnRs  of  jmlyhedral  cells.  When  the 
embryo  has  elongated  and  acrgiiii-ed  its  coat  of  cilia,  it  pre- 
sents a  great  resemblance  to  the  embryos  of  the  DittomidiK 
and  Bolhriocfphalida.  Tlie  outermost  of  its  three  cell-layers 
wonld  then  correspond  to  the  enveloping  membrane  {Hfill- 
m*mbran).  Out  of  the  second  cell-layer,  which  later  be- 
comes flattened,  there  is  said  by  JuLiN  to  arise  a  system  of 
extremely  delicat-e  muscle  tibres,  which  are  fonnd  under  the 
ectoderm  in  the  adult  female, 

A«ordini;  to  Ourd  and  Metschnisopf,  during  the  development  of  the 
Ternale  a  regular  blaslula  malies  its  appeBrance,  out  of  which  the  too 
gmn-layen  ore  lomied  poseihif  as  the  resalt  ot  delaniination. 

The  above  presentation  of  the  life-liistary  and  development  of  the 
OrlhoDcctids  does  not  rest  wholly  upon  teliabte  obaervationB,  but  many 
^pa  in  it  have  been  filled  by  the  apeculallona  of  the  authors.  We  have 
adhered  chief);  to  the  account  of  JcuH,  tor  bis  work  is  the  moat  completa 
and  in  an  advance  upon  Uial  ol  Ourd  and  METScuMKorF. 

II.     DICYEMIDjC. 

Stbtkuaiic  :  van  Hkkbhen  distinguishes  four  genera: 
Dieyema,  Dleyenella,  Dieyemina,  and  Dicyemnptiia,  which  ai-e 
diatribnted  among  four  genera  of  Cephalopods  :  Octopuit, 
Eledtme,  Sepia,  and  Sepuili.  They  are  found  in  the  append- 
ftgun  of  the  branchial  veins.  Whitman  admits  only  two 
finnHra:  /"ij-i^emo  (with  eight  cells  in  the  head  region)  and 
IHrytmfnnea  (with  nine  cells  in  the  head  regionj. 

Th«  body  of  the  Llicynmidif^  is  elongated.  It  consists  of 
an  nnter  layer  of  eiliated  cells  and  a  single  large  axial  cell, 
the  latter  snrroanded  by  the  former  (Fig.  99  D).  At  the 
Moterior  end  the  nnt«r  celMayer  is  differentiated  into  a  kind 
of  Cftp  [polar  calotte].  Elsewhere  the  ontep  cells  are  nearly 
ftlikc. 

K.  U.  K.  P 
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A  certiiin  difToreace  iii  individuals  in  manifested  ii 
manner  of  tlu-ir  reprodiictioi).  Tlie  Uttt'r  con^iittA  in  the 
prodactioii  of  embryos  in  the  axial  cull.  Bot  iheno  nru  of 
different  sliupes  ;  vermiform  and  infunoriform  (rlwmboid) 
embi^os  can  be  distingniahed  (t'igs.  99  and  100).  Thojr 
arise  in  ditferent  individuals,  which,  acRording  to  ta!i  Behk- 
DEN,  are  I'l'coQ'niKable  even  bv  their  outward  form.  The 
nematogeuii'u  individnals  r  and  more  slender,  th« 

rhombogenniif  shorter  aod  „•        •        nrcwMed. 

Accordinu  to  Whitjun.  in  ■  e  lorms  Umt  bring  furth  only 

veimitonn   tiiiljryog,  Kod  »hl  utos  as  prinflry   Smmioprnt. 

there  also  tiwiiT  torms  in  wb"  ntcTiforni  tnA  later  TcrmiloriD 

embrjoB  ar*^  prudtii^ed  {mor,  hi). 

Development  of  the  Verrr  jrm  Embryo*.— Thnre 
can  hardly  bo  nny  doubt  that  the  oolU  which  constitut*  the 
earliest  fundament  of  the  reprodnctive  elemente,  and  which 
correapond  tr.  the  ^nital  cells  of  the  other  MetoBoa,  t«ke 
their  origin  by  the  division  of  the  axial  cell  of  the  parent. 
The  prodacts  of  thiB  procesa  of  diviaion  are,  however,  not 
equivalent;  moreover,  the  newly  formed  cells  remain  in  th« 
axial  cell  (Fig.  99),  whereby  the  appearance  of  an  andog«- 
nona  cell -proliferation  is  produced.  The  prodaction  of  the 
germ  cells  begina  very  early,  for  even  in  embryos  there  is  to 
be  seen  inside  the  axial  cell  and  behind  ita  nnclena  a  new 
cell  nnden^oingdiffei-entiation,  the  first  germ  cell  (Fig.99  A), 
and  a  second  one  aoon  arises  in  its  anterior  part  (Fig.  99  B 
and  C).  Their  nnclei  hare  very  probably  arisen  by  division 
from  the  nncleas  of  the  axial  cell.  Snbseqnently  the  latter 
takes  absolately  no  part  in  the  formation  of  new  naclei.  It 
appears  to  preside  over  the  other  cell  fnnctiona  only.  The 
two  germ  cells,  on  the  contrary,  begin  to  increase  by  diviaion. 
and  aoon  fumiah  a  large namberof  genital  cells,  from  which 
the  embryos  sobseqaently  arise. 

The  development  of  the  germ  cells,  which  are  eventaallj 
present  in  lai'ge  nambera  within  the  axial  cell  of  the  parent, 
takes  place  t»  fitu  after  the  manner  of  cleavage.  An  epibolio 
gastrula  is  formed  here,  as  in  the  Orthonectida,  except  that  ita 
innerlarge  cell  remains  undivided.    It  becomes  the  axial  cell. 
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By  increMing  in  length  the  embryo  becomes  vermiform, 
whence  its  name  (Fig.  99  B  and  G).  These  embryos  are  not 
essentially  different  from  the 
adnlt  animal,  whose  shape  is  soon 
f  nlly  assamed  by  the  accomplish- 
ment of  the  slight  differentiations 
in  the  onter  layer  of  the  body  and 
in  the  head  region,  and  by  the 
elongation  becoming  more  pro- 
nounced (Fig.  99  C  and  B).  Then 
the  formation  of  new  germs  in 
the  axial  cell  begins  very  early, 
in  fact  while  the  embryo  still 
remains  withio  the  parent.  The 
processes  described  apply  there- 
fore to  embryos  which  are  still 
fonnd  within  the  parent  (Fig.  99 
A  to  D).  When  they  have  arrived 
at  maturity,  they  break  throogh 
the  onter  layer  of  the  parent,  but 
remain  in  the  Tenons  appendages 
of  the  Cepbatopods,  where  they 
still  grow  considembly  and  pro- 
dace  other  embryos.  ?"-  «■-■< "  »■  •'»«"  *"  »"" 

Structure  and  Develop-  em)>rf«  ot  d^v-u,  j,  oi  i>>. 
ment  of  the  infusoriform  cvmrnnM  .i«i<.n..  (*t«ir  w.n- 
Embryos.  —  The  infusoriform  (.n^rs  ti^Bibibh).  ^uirI 
embryos  differ  widely  from  the  miIj  if,  naciomot  iheaiiaiceiii 
rermi form  in  shape.  Of  a  shorter,  '.««■»<'• 
more  compressed  form,  they  also  present  numerous  internal 
differentiations  (Fig.  100  J)  to  F).  In  swimming,  the  broader 
end  of  the  embryo  is  directed  forwards.  Whereas  the  an- 
terior end  is  naked,  the  rest  of  the  body  is  ciliated  (Fig.  100 
U  and  D).  The  entire  embryo  is  constructed  on  the  bilateral 
plan,  for  two  lateral  parts  as  well  as  a  dorsal  and  ventral 
side  can  be  distinguished.  Anteriorly  and  more  dorsally  lie 
two  highly  refractive  bodies  (Fig.  10CI>,r),  somewhat  behind 
them,  and  lying  more  ventrally,  the  organ  called  by  tak 
BcNiDEK  the  "nrn."     This  peculiar  organ,  ihe  function  of 
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which  IB  not  clear,  is  compoeed  of  a  shell-tike  envelope,  a 
grannlated  body  contained  in  it,  and  a  lid.  The  shell  lies 
with  its  cavity  toward  the  -ventral  side  CFip.  100  F).  It 
consiatH  of  two  parts  and,  owing  to  araall  comma-shaped 
bodies  embedded  in  its  free  edge,  acquires  a  striated  appear- 
ance (Fig.  100  D,  E).  Its  contenta  consist  of  four  large 
cells  of  nearly -eqnal  size,  which  lie  close  together,  and  are 
grannlar.  Finally,  the  lid,  which  corresponds  to  the  ventral 
part  of  the  urn,  consiats  in  turn  of  four  cells,  which  nnite,  at 
the  point  where  they  all  abnt  on  one  another,  to  form  the 
knob  of  the  lid  (Pig.  100  D  to  0.  I).  Within  the  urn  van 
Bgnei>en  sometimes  observed  a  ciliation,  which  he  ascribed 
to  the  granulated  cells. 


I 


:  X.  rrom  tliadgbt  liitei 
icnnUiiiTediii  tbe  i: 

The  origin  of  the  infusoriform  embryo,  although  at  first 
sight  quite  different  from  that  of  the  vermiform  embryo, 
can  perhaps  be  referred  to  this.  It  takes  place  in  the  axial 
cell  of  the  rhomboffenoas  individuals,  though  not  directly, 
being  introduced  by  a  preparatory  proceBS  (Whitkan). 

Xear  the  nucleus  of  the  axial  cell  there  arise  two  new 
cells,  the  nuclei  of  which  in  all  probability  originate  from  the 
nucleus  of  the  axial  cell.  These  two  cells  soon  multiply,  but 
not  so  rapidly  as  in  the  formation  of  the  vermifoi-m  embryos. 
They  never  eiceed  eight  in  number,  and  often  only  a  few 
are  present.    Before  these  cells  develop  further  they  undergo 
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ft  procoBB  which  Whitman  compftrea  to  the  formation  of 
the  polar  globules  in  the  eggs  of  the  Uetazoft.  Aa  the  resalt 
of  a  proceas  of  division  a  considerable  portion  of  the  nnclens 
is  said  to  be  cast  ont  of  them,  which,  as  the  "  parannclens," 
can  be  recognized  for  a  long  time  in  the  axial  cell  (Pig.  101 
B).  Then  ensne  a  cleavage  of  the  cells  and,  as  its  result, 
the  formatioa  of  cell-maaaea  which  have  qnite  the  appear- 
ance of  an  epibolio  gastrala  with  a  central  cell.  Snch  stages 
had  already  been  observed  by  van  Benedbn  (Fig.  101  A). 
They  are  entirely  like  those  which  occar  in  the  development 
of  the  vermiform  embryos.  Whitman  compares  them  directly 
to  theae,  and  looks  npon  them  as 
special  individoals,  which  appear 
early  in  the  coarse  of  reprodaction 
For  in  their  central  cells  there  are 
soon  formed  new  cells  (Fig.  101  A  and 
9),  which  anbeeqaently  give  rise  to 
the  infnaoriform  embryos.  On  this 
account  Whitman  calls  this  gastrala 
Itage  an  Infutorigen,  Compared  to 
the  Hematogenic  developmental  series, 
the  gastrnla  stages  woald  correspond 
to  the  vermiform  embryos,  which,  as 
we  saw,  also  produce  embryos  at  a 
very  early  period. 

From  the  central  cell  {cfUvXe  get- 
mighte  of  van  Bengden)  of  the  gas- 
tmla  stage,  which  increases  in  size, 
arise  several  generations  of  germ 
cells,  which  anrronnd  it  in  the  form 
of  a  rosette.'  The  larger  of  theae 
celta  become  infaaoriform  embryos ; 
the  smaller  ones  are  aaid  subsequently 
to  divide  repeatedly,  and  vermiform 
embryos  are  aaid  to  arise  from  them  Uie  eentnii  cell ;  X;  nooiei 
when,  after  the  formation  of  the  in-      riiombogBn'^ndt>"iiiU  j  Pn* 

'  The  MntT.1  cell  itself  U  to  be  looked  ^^^tV^_  mB*<^T^. 
upon  &■  the  homologne  of  the  axial  cell  of  fgreucn  K  tai  K>  »ra 
tU  nrmifonn  ambt^os.  cnoipoMC 
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fuaurlform  embryoa,  the  rkombc^^  iodiTidiuhi  Iut* entered 
upon  the  second  pbanof  their dflveloptnent  (aeeowlary  ifMU- 
togent  acoording  to  Wbithiii). 

The  formation  of  the  iafnaoriforni  embijof  from  the  gsrm 
cell  also  begins  with  m  prooeu  of  deftvaga,  the  naalt  of 
which  is  an  epibolio  gaatmla  (B.  TlK  Bbxbdex).  However, 
in  this  case  sereral  oelU  make  (heir  appearanoa  in  theoaatra, 
at  first  foar  largo  onea  (Fig.  100  A,  «).  Two  of  theae  be- 
come the  shell  and  two  the  lid  of  the  nra ;  wheroaa  fosr 
smaller  cells,  which  ariae  later,  anpplj  the  four  grannlar 
cells  coQtained  in  the  nm  (Fig.  100  B  and  0,  gr).  Ib  the 
meantime  the  two  highlj  refraotiTe  bodiea  have  made  tbeir 
appearance  in  the  ontor  li^vr  of  the  embryo  (Fig.  100  A,  If, 
r),  and  its  posterior  portion  haa  become  covered  witli  cili*. 
Whereas  at  first  the  embryonal  oelli  which  become  the  am  lie 
side  by  side,  tlicy  snbaeqnently  alter  tbeir  poaition  ao  (bat 
the  granular  cells  become  enclosed  above  and  below  by  (be 
lid  and  shell  of  the  nro. 

Nothiog  definite  is  yet  known  abont  the  nignificance  uf 
the  infasorifoi-m  embryos.  From  the  fact  that  they  van  be 
kept  alive  in  sea-water  for  days  (E.  van  Bknbdkn),  it  waa 
thought  that  these  forms  were  probably  for  the  parpose  of 
tmnsferring  the  species  from  one  cepbalopod  individnal  to 
another,  where  they  woald  develop  into  a  fonn  which,  like 
ihe  vermiform  embryos,  prodnces  new  germs.  Besides  thia 
view,  there  is  a  second  one,  which  compares  the  infnaoriform 
embryos  to  the  male  of  the  Orthonectidee.  Van  Bknedkm  is 
inclined  to  see  in  the  gi-annlar  and  vibratory  cuntenta  of  the 
urn  the  homotogae  of  the  testis  of  the  Orthonectide. 
WuiTUAN  several  times  observed  the  penetration  of  infoeori- 
form  embryos  into  nem&togen  individuals,  which  is  perhaps 
to  be  compared  to  a  process  of  fertilization. 

Related  lo  the  DicjemJdn  are  the  Htteroeytnid^  {Caaoqiema  Bad 
Microcyema).  observed  bj  van  Uenkden  (No.  3),  which  also  inhabit  the 
appendages  of  the  veins  of  Oc  oput  and  Srpia.  Their  ihape  diflais  {ram 
that  of  the  Dicyemidc  inasmuch  as  thej  do  not  nearly  attain  the  langth 
that  these  do,  and  wart-like  structares  are  present  at  the  anterior  end, 
which  ean  be  extended  and  withdrawn.  Nematogen  and  rhombogsB 
individuals  ar«  also  distinguished  beic    Although  the  nnailoim  wDbeyoa 
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differ  somewhat  from  those  of  the  DicyemidsB,  yet  on  the  whole  they 
develop  like  them.  The  infasoriform  embryos  of  Conocyema  resemble 
those  of  the  DioyemidA. 

General  Considerations. 

There  are  so  many  common  features  in  the  structure  and 
development  of  the  OrthoneetidsB  and  DicyemidflB  that  we 
cannot  doubt  the  relationship  of  the  two  groups.  Their 
relations  to  the  other  divisions  of  the  animal  kingdom,  on 
the  contrary,  are  more  difficult  to  understand.  In  view  of 
the  fact  that  they  are  said  to  be  composed  of  only  two  germ- 
layers,  an  attempt  was  made  to  create  out  of  them  a  new 
division  of  the  animal  kingdom,  that  of  the  Mesozoa^  which 
would  be  interpolated  between  the  Protozoa  and  the  Metazoa 
(E.  van  Benedkn,  Julin).  Since  it  is  only  parasitic  forms 
with  which  we  have  to  do,  such  an  explanation  seems  to  us 
venturesome  at  least,  and  we  consider  it  more  probable  that 
these  simply  constructed  animals  are  Platyhelminthes  which 
have  become  degenerated  through  parasitism  (Leuckart, 
Metschnikopp,  Whitman). 

The  resemblance  of  the  female  of  the  OrthonecticUe  to  the  embryos  of 
the  DUtomida  has  already  been  pointed  out.  The  theory  that  such 
embryos  have  reached  sexual  maturity  has  nothing  improbable  about  it, 
for  such  cases  are  also  known  elsewhere  in  the  animal  kingdom.  Thus 
Dinophiltu  is  evidently  to  be  regarded  as  an  annelid  larva  which  has 
become  sexually  mature,  and  it  is  appropriate  for  comparison  here, 
inasmuch  as  its  males  have  degenerated  to  nearly  the  condition  of  the 
Orthonectids  and  Dicyemidaa  (comp.  infra,  p.  313).  The  intestine  and 
other  features  of  a  higher  organization  having  been  lost,  they  present 
within  the  body  only  a  large  testicular  sac,  similar  to  the  males  of  the 
OrthonectidsB,  which,  to  be  sure,  remain  at  a  somewhat  lower  stage. 

If  we  regard  the  Orthonectids  and  DicyemidsB  as  degenerated  forms, 
then  the  Orthonectids,  with  their  central  cell-mass,  would  represent  the 
higher  grade,  whereas  the  Dicyemidse,  in  which  only  one  central  cell 
is  present,  are  more  degenerate.  However,  in  these  also  the  inner  por- 
tion becomes  multicellular  as  soon  as  the  formation  of  the  germ  cells  by 
the  division  of  the  axial  cell  begins. 
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CHAPTER  VI. 

NEMERTINI. 

Thb  Nemerteans  lay  their  eggs  enclosed  in  gelatinous  enve- 
lopes, either  singly  or  balled  into  large  masses  of  spawn.  It 
appears  that  fertilization  may  take  place  either  oatside  or 
inside  the  body  of  the  female.  In  the  latter  case  the  sperma- 
tozoa penetrate  into  the  female  genital  organs  (egg  sacs) 
throngh  their  efferent  dacts.  In  many  forms  (Monopara 
vivipard)  the  eggs  are  there  developed  np  to  the  maturity  of 
the  embryo.  The  development  takes  place  either  directly  or 
by  means  of  a  metamorphosis.  The  latter  is  of  various  kinds, 
according  as  a  free-swimming  larva  differing  very  mach  from 
the  nltimate  shape  of  the  animal  is  produced,  or  merely  a 
larval  form  which  does  not  differ  essentially  from  the  young 
animal,  but  which  nevertheless  produces  the  latter  within 
it.  In  the  first  case,  in  view  of  the  shape  of  the  larva,  one 
speaks  of  a  Pilidium  larva,  in  the  latter  case,  of  development 
after  the  type  of  Desor,  thus  named  from  its  discoverer. 

I. — Development  through  the  Pilidium  Larva. 

As  the  result  of  the  equal  cleavage  a  regular  hlastula  arises 
from  the  egg  of  Linens  lacteus.  It  loses  its  regular  shape, 
owing  to  a  considerable  increase  in  the  size  of  the  cells  of 
the  lower  half  and  to  the  occurrence  at  the  same  time  of  a 
flattening  on  the  under-side  of  the  blastula  (Fig.  102  A). 
The  outer  and  inner  germ-layers  can  be  distinguished  on  the 
bhutula  as  early  as  this,  for  the  cells  of  the  ectoderm  are 
smaller  than  those  of  the  entoderm.  The  first  trace  of  the 
middle  germ-layer  is  likewise  already  present.  In  the  cleav- 
age cavity  and  in  contact  with  the  entoderm  are  found  a 
number  of  cells  (Fig.  102  A)  which  to  all  appearances  take 

their  origin  from  the  entoderm  (Metschnikoff,  No.  20),  and 

in 
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HiibReqnentlj  prove  to  be  meMooliynifttoai  mifrntorj  eelU 
(Fig.  10-2  It  and  C),  like  those  which  ftrise  in  the  develop- 
meot  of  the  type  of  De»or. 

After  the  blatttnU  becomea  oorerMl  with  cilta,  haa  Knnmed 
its  clinractcristic  shape,  and  haa  acqaired  a  large  flagellam 
at  its  apex  (Pig.  102),  it  ma/  break  throagh  the  ^g-mem- 
brane  to  swarm  abont  at  larf^.  Hore  often,  however,  the 
larva  reatihes  tlie  ontstde  world  only  after  invagination  baa 
taken  place,  i.e.  as  a  gastmla.  This  ia  accomplished  by  tbe 
symmetrical  inragination  of  the  already-formed  < 


D1.— ,1  toC,  blutuls.  nitnila.  ■nd  pllidiam  of 
;  C.  combinulan  <i[  two  of  lfmcni>ar*'i 
onii»  wb'ch  luldcqaeDtlj  grow  arouod  Iha  iii(calin« 


(Kig.  iOS  Ji).  The  blcutnpore  is  circnlar,  and  the  entire  larva 
presents  a  radial  form.  This  ia  soon  changed,  however,  for 
the  blastnpore  elongates  somewhat  and  becomes  oval,  while 
the  archciiteron  bends  to  one  side,  and  its  blind  end  grows 
more  and  more  l«ward  one  wall  (Fig.  102  S).  In  this  way 
the  form  of  the  larva  becomes  bilaterally  symmetrical.  The 
larva  assumes  its  permanent  shape — 1.«.,  tbe  one  which  its 
discoverer,  JoH.  MUller,  designated  as  pitidium — ^by  the 
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downgrowth  of  a  lobe  on  either  side  of  the  blastopore  (Figs. 
102  G  and  103).  It  now  consists  therefore  of  an  npper  bell- 
shaped  part,  which  we  call  the  umbrella,  and  the  two  pen- 
dent lateral  lobes.  Between  the  two  latter,  on  the  under- 
side of  the  umbrella,  lies  the  wide  moath.op^ning  (Figs.  102  C 
and  103).  It  leads  into  the  oesophagus,  which  corresponds 
to  an  ectodermal  invagination,  whereas  the  real  entoderm  is 
i-epresented  by  the  intestinal  sac  back  of  it  (Fig.  102  C). 
The  intestine  of  the  larva,  the  cells  of  which  are  provided 
with  cilia,  remains  closed. 

Like  Turbellarian  larvae,  the  pilidium  is  encircled  by  a 
continuous  band  of  cilia,  which  fringes  the  periphery  of  the 
umbrella  and  the  margins  of  the  lateral  lobes.  The  ciliation 
of  the  band  is  distingaished  from  that  of  the  rest  of  the 
body  by  its  longer  cilia  (Figs.  102  C  and  108).  The  par- 
ticularly stoat  flagellum  already  mentioned  takes  its  origin 
in  a  depression  at  the  apex,  corresponding  to  which  there  is 
a  thickening  of  the  ectoderm.  The  latter  has  been  compared 
to  the  apical  plate  of  the  Trochophore  larvae  of  the  Annelida 
(com p.  infra f  p.  266). 

As  in  the  annelid  Trochophore^  two  mascle  strands,  which  also  seem  to 
contain  nerve  fibres,  issue  from  the  apical  plate  (Salenskt,  No.  25).  The 
presence  of  these  cords  would  not  constitute,  however,  the  only  resem- 
blance to  the  annelid  larva,  but,  according  to  Salensky,  the  ciliated  band 
is  lUso  accompanied  by  a  nerve  cord,  which  would  correspond  to  the 
ring-nerve  in  the  ciliated  zone  of  the  Trochophore.  This  nerve  cord,  which 
is  composed  of  nerve  fibres  and  ganglionic  cells,  is  said  indeed  to  present 
a  more  varied  histological  differentiation  than  the  ring-nerve  of  the  an- 
nelid larva.  At  the  point  where  the  nerve  cord  passes  from  the  lateral 
lobes  to  the  umbrella,  it  forms  ganglionic  swellings,  which  Salensky 
interprets  as  the  central  organ  of  the  nervous  system. 

The  inside  of  the  larva,  between  ectoderm  and  entoderm, 
is  filled  with  a  gelatinous  mass,  in  which  the  variously 
shaped  mesenchymatoas  cells  are  found  embedded  (Fig.  102). 
These  become  at  first  the  muscle-bands  which  traverse  the 
larva  at  r^^lar  intervals ;  subsequently  they  become  in  part 
the  mesodermal  elements  (connective  tissue,  musculature, 
etc.)  of  the  adult  animal  (BtxscHLi,  No.  2). 
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The  pillclia  of  diflerent  Nemcrteana  diRer  from  ona  uinlhcr  in  >hapc 
as  the  tfpioni  form  deiicribed  above  ii  mure  or  lai  dittinf-llg  dmloptU, 
In  place  of  the  Uagetlam,  fiUdium  gyrant  bears  a  tutt  u(  oiiia  at  tii« 
apex  (Fig.  lOii).  lu  Pilidiuvi  aurietUatu-M  (IiBcviubt  ckd  PuiBmnaiTiiui) 
(he  two  lateral  lobes  are  only  ver;  slishtly  developed,  and  the  Pilidium 
braf  Malum  deiicribed  by  E.  B.  Wilson,  whioh  reaeinblM  F.  uutieulalium. 
posseiises,  ill  adililiou  to  llie  two  Btixblly  developed  lateral  lube*.  Ihr-n 
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additional  ones,  which  have  arisen  b;  indentationa  of  tha  edge  ot  the 
umbrella. 

The  Piliffiun  rteurcatitm  found  b;  Fewub  (Kq.  S)  at  Newport  eihihiU 
a  very  aberrant  form,  which,  bj  the  abaenoe  ot  the  lateral  lobo,  by  tha 
lateral  curvature  of  the  upper  part,  and  by  the  preMnoe  ot  a  row  ot  cilia 
at  the  poaterior  end,  acquire*  a  itriking  reiembUnoe  to  the  Tamarta  larva 
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at  Halanofflnuiu,  Moreover,  the  metamorphosiB  of  Ihle  larva  is  said  by 
Fewkis  Io  be  accomplisheil  in  a  manner  difterent  Irom  that  ot  other 
Pilidia.  Whereas  DRuall;  the  larva  remaina  intact  even  after  the 
ruaturitf  ot  th  worm,  and  in  this  condition  is  aljandoned  by  it,  in  the 
present  case  the  collapsed  Pilidium,  ii(t«r  the  withdrawal  of  the  Nt- 
merifan.  is  said  to  hang  to  its  posterior  end.  where  it  la  grBdnall; 
TCeorhed,  in  the  Bame  vmj  ae  the  Plultvi  larca  ia  drawn  into  the  body 
o(  the  yoang  Bea-urchin. 

After  Gkoenbiuk  had  expressed  the  "view  that  possibly  a  new  animal 
was  developed  within  the  Pilidium,  this  idea  was  more  preciBely  defined 
by  Knonv,  who  maintained  that  regularl;  a  young  Nemertean  ariaea  from 
the  pilidium.  Lecccabt  vkd  rA(ii!iSBTicrHiiB  were  able  to  raise  this  view 
to  ■  certainty,  for  they  (No.  17)  followed  the  development  of  the  Nemer- 
tcan  inaide  the  pilidium.  The  accompanying  processes  were  then  fully 
elocidaled  by  MBTBCBNiiiorF  (No.  19)  and  BllTaciii.i  (No.  2). 
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Thft  formation  of  the  Nemcrtean  in  tlie  piliiliam  is  initi- 
ftl«(l  by  the  nppearancc  of  funr  pit-like  deprcRsiona  of  the 
ectoderm  in  the  reffion  of  the  mouth.  Eittprnally  these  pre- 
sent the  appearance  of  round  suckerB,  for  wliich  at  one  time 
they  wei'e  mistaken  by  JoR.  Mi'i.LEK.  As  the  depresaious 
become  deeper  they  become  sac-likn  in  iibnpe  (Fig.  102  C), 
and  the  wall  directed  toward  the  intestine  of  the  larva  in 
maeh  thicker  than  the  outer  one.  The  further  changes  of 
the  inruginationii  consist  in  their  being  constricted  off  from 
the  ectoderm,  becoming  considernbly  expanded  and  growing 
around  the  intestine  ot  the  larva  (Fig.  104  A  and  B).  They 
hare  now  assnmed  more  of  a  discoid  shape.  At  the  points 
where  they  come  together  the  dtscH  fnse,  and  their  thicker 
w&II,  the  one  directed  inwards,  constitnteB  the  snpeHicial 
layer  of  the  body  of  the  Nemerl*an,  whereaB  their  thin  onter 
layer  fomui  around  the  body  an  envelope,  which  is  known  as 
the  amnion  (Fig.  10»  Am).  This  separates  from  iU  con- 
nection with  the  body  of  the  worm,  which  it  suri'ounds  as  a 
delicate  membrane.  The  HUterior  pair  of  discs  becomes  the 
hend  of  the  Nemei^nn  (as  far  biiek  aa  the  lateral  grooves), 
whereos  the  posterior  pair  given  rise  to  the  ectoderm  of  the 
rest  of  the  body  (Fig.  104  A  and  IJ).  ConBeqiiently  the  an- 
t«rior  discs,  which,  ronreover,  are  the  first  to  fuse,  are  known 
M  the  head-  [prosfomini]  diee»,  the  posterior  as  the  trunk- 
[melaitomialj  disc*.      The  anion   of  the  anterior  with  the 
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poiiterior  pair  does  not  take  place  nntil  tbp  compnnpntii  at 
each  pair  have  oompletely  anilod  with  vaoh  other.  At  th« 
pnitit  where  the  two  pt-oatouiial  discs  drat  como  togolhor  ^n 
invaffination  is  formed,  the  fiiadainoBt  of  the  pn>bo»ci», 
which  soon  grows  biwkward  a  long  distMice  (Fig.  IIM  A  and 
U.  B). 


Fl».  MM.— Dligrmmi 
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The  position  of  the  joang  worm  in  the  pilidittm  is  illni- 
trated  by  Kig.  103.  The  larval  intestine  is  entirely  inclnded 
within  the  worm.  Meanwhile  the  {Bsophagns  continnee  to 
pans  through  the  body-wall  of  the  worm,  still  tennin&tiDg  in 
a  wide  opening,  until  at  a  later  stage  it  fuses  with  the  ecto- 
derm of  the  worm  and  is  dixploced  to  a  position  relatirelj 
further  forward. 

The  Ulenl  orguia  are  Mid  by  Salbniit  and  Hubbscrt  to  uiae  in  the 
BUDe  way  as  the  somatic  disci.  The;  original*  aa  two  invagiiiatioaa  of 
the  wall  of  the  pilidium,  one  on  either  aide  of  the  maophapu  (Fig.  IM 
J,  So),  tbcp  grow  out  toward  tha  aomatio  diaca,  and  ttaailjmftitJm  tm^ 
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their  connection  with  the  primary  ectoderm  of  the  jn/idtum,  in  order  to 
fuse  with  that  of  the  somatic  discs  (Fig.  104  B).  Thas  they  are  said  to 
be  formed  directly  as  parts  of  the  pilidium. 

The  nervous  system  of  the  yomig  worm  makes  its  appearance  in  the 
form  of  two  ectodermal  thickenings  (Fig.  104  N),  which  arise  in  the 
region  of  the  anterior  pair  of  discs  on  either  side  of  the  invagination  of 
the  proboscis.  At  this  place  the  ectoderm  cells  are  differentiated  into 
several  layers,  of  which  the  more  superficial  are  said  to  become  the  body 
epithelium  and  the  ganglionic  cells,  the  deeper,  the  Punktsubstam. 
The  anterior  thickened  parts  of  the  fundaments  correspond  to  the  brain, 
and  their  backward  prolongations  to  the  lateral  nerve-tnmks  (Fig.  104  A 
and  B),  According  to  this,  the  fundament  of  the  central  nervous  system 
would  have  nothing  to  do  with  the  apical  plate  of  the  larva. 

Even  before  the  discs  had  separated  from  the  ectoderm,  mesenchyma 
cells  were  applied  to  their  inner  (deeper)  layer;  and  since  such  cells  were 
also  found  in  the  region  of  the  larval  intestine,  a  considerable  number 
of  them  came  to  be  enclosed  within  the  worm  (BOtschli,  Salensky). 
Like  the  separate  fundaments  of  the  cephalic  and  somatic  parts,  the 
fundament  of  the  mesoderm  is  double.  In  the  first  place,  a  mass  of 
mesenchyma  cells  is  formed  on  each  of  the  two  prostomial  discs,  and  a 
similar  one  at  the  apex  of  the  invagination  of  the  proboscis.  It  could 
not  be  determined  whether  the  latter  originated  from  the  former.  Then 
each  disc  has  its  own  mesenchyma  layer,  which  likewise  has  arisen  by 
an  accumulation  of  mesenchyma  cells.  The  anterior  and  posterior  parts 
of  the  body  are  established,  therefore,  quite  independently.  The  mesen- 
chyma of  the  trunk  is  said  by  Salensky  to  split  into  two  layers,  one  of 
which  is  applied  to  the  intestine  as  the  splanchnic  layer,  the  other  to  the 
body-wall  as  the  somatic  layer.  A  kind  of  ccelom  thus  arises,  which,  to 
be  sure,  subsequently  becomes  reduced  and  breaks  up  into  small  cavities, 
owing  to  the  cells  of  both  layers  sending  out  processes  which  unite  with 
one  another.  In  the  head  that  part  of  the  mesoderm  which  is  applied  to 
the  prostomial  discs  becomes  the  musculature,  whereas  the  layer  in  con- 
tact with  the  proboscis  splits  into  two  cell-layers,  one  of  which  is  applied 
to  the  proboscis,  while  the  other  forms  the  sheath  of  the  proboscis. 
Accordingly  the  cavity  of  the  proboscis-sheath  would  be  a  portion  of  the 
ccelom  (Salensky).  The  proboscis  and  its  sheath  attain  their  subsequent 
great  length  by  growing  backwards  (Fig.  104  B). 

[The  results  of  a  recent  investigation  by  BGroeb  (Appendix  to  Literature 
on  Nemertini)  differ  in  several  particulars  from  the  account  given  above. 
The  formation,  and  especially  the  differentiation,  of  the  head-  and  trunk - 
dlBcs,  the  formation  of  the  head  itself,  and  the  development  of  the  nerv- 
ous system  are  there  described  quite  differently.  The  musculature  of 
the  dermo-muscu^.ar  sac  appears  to  be  of  double  origin,  inasmuch  as  the 
outer  layer  of  it  arises  from  the  ectoderm,  but  the  remaining  portion 
from  the  mesoderm. 

Similar  statements  are  also  made  regarding  the  Annelids. — K.] 
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When  the  development  of  the  worm  haa  progressed  as 
far  ns  this,  it  breaks  through  the  aintnim  and  ptliJJum  and 
swims  abont  free  in  the  water  by  means  of  its  covering  of 
cilia.  At  this  stage  it  tacks  the  anus,  which  arises  onljr 
lat«r.  In  some  cases  eye-spots  are  present ;  in  others  they 
are  absent. 

II. — Development  after  the  Type  of  Desor. 

For  the  more  intimate  knowledge  of  the  mode  of  develop- 
ment in  the  type  known  as  that  of  Desor,  we  are  chiefly 
indebted  to  J.  BARdois  (No.  1).  Recently  Hiibrecht  (Nos,  9 
to  11)  has  I'e investigated  the  snbject. 

Here  also,  as  in  the  development  of  the  pilidiam,  an 
invagination  gastrala  ariaes,  wbiolt  at  first  is  radial,  subse- 


,^-f:^ibi^,. 


qiiently  bilaterally  BymmetHcal.  According  to  HI'Iikecht. 
cells  (the  meBencbyma  cells)  are  said  to  migrate  into  the 
blaatocrele  from  both  ectoderm  and  entoderm  (Fig,  106). 
On  the  ventral  surface  of  Uip  ectoderm  B*Rnois  found  a  pair 
of  invaginations  in  front  of  the  mouth  and  another  behind 
it.  He  saw  that  these  invaginations  wei-e  closed  by  the 
growth  of  the  ectoderm  over  thera,  and  that  finally  their 
floor  became  separated  from  the  rest  ot  the  ectoderm  (Fig. 


lOiiAtoC).    In  this  way  there  a 


r  tbe  ecliOderni  four 
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ee,  correBponding  to  the  prostomial  and  metastomial 
discs  of  the  pilidinm,  but  distingaislied  from  them  hj  the 
fact  that  they  are  not  composed  of  two  layers,  but  of  only 
one  cell-layer  (Fig.  106).  When  sobaequently  tiiey  grow 
■round  the  embryonic  intestine,  there  is  thus  formed  only 
one  cell-layer,  the  body-wall.  The  amnion  is  wanting  (Fig. 
107  B).  The  body,  of  conrse,  is  still  surrounded  by  the 
larval  skin,  the  original  ectoderm.     At  the  place  where  the 


proBtominl  discs  come  together,  the  proboscis  arisen  as  a 
•olid  ingrowth  of  the  ectoderm,  which  snbsequently  becomea 
hollow  (Fig.  107  C). 

UroaacaT  dMcribeB  ■  Gllh  plale,  derived  from  toaoitiary  eotoderm,  in 
addition  10  the  four  plates  found  by  Bakkoih  (Fig.  IDB  S],  It  is  eaid  to 
1m  tormed  on  the  donal  aide  ol  the  enibrjo,  but  in  a  diffHrent  mannet 
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from  the  toar  ventnl  platae,  nomelj  bj  deUmiiution.    HimuBCRT  derivM 
the  apithelium  of  the  yoong  Nemert««Q  fnun  the  tnilon  ol  thaw  B** 

HcBitECBT  likewJEe  difFers  from  Bihroib  and  Rileicski  in  hU  d««crip- 
lion  o(  the  nioile  ot  origin  of  the  probotois.  Tbe  latter  Biithon  deriv*  it 
(rom  the  Becond&ry  eotoderm.  but  Kccording  to  Huikecht  it  uisn  tram 
the  primary  ectoderm  and  Bubsequenlly  sepsrHtee  from  Ihie  and  fiuM 
with  the  secondary  ectoderm.  When  one  considers  that  the  lal«r«l 
organs,  according  to  the  concordant  atatementi  of  UrnawHT  and  Sai^v- 
uct.  take  their  origin  from  Uie  primary  eotoderm,  then  taeh  a  node  ol 
origin  ot  the  proboscis  might  perhaps  be  intelligible.  Small  orgamuit, 
it  is  troe.  is  to  be  got  fTom  the  fact  that  in  the  pilidium  Iha  jTraboaeis 
arises  from  the  secondary  ectoderm.  Pilidium  evidently  repraant*  lb« 
more  primitive  itate.  and  on  this  acoouni  one  mnst  alio  eipeol  in  it  tb* 
more  primitive  condition  as  regards  the  mode  in  which  the  orgocu  origi- 
nate. As  to  the  lateral  plates,  which  are  to  bo  considered  as  wniaaiy 
organs,  it  is  easier  to  suppose  that  tboy  were  already  present  in  the  larvk, 
whereas  this  is  soorcely  probable  lor  the  proboscis. 

The  statement  of  Buixinn  that  the  mesenchyma  calls  are  detaohad  Fnnn 
the  somatio  discs  seems  to  need  reviaion.  We  hare  already  bcooma  ac- 
quainted with  the  origin  of  these  cells  in  the  pilidium.  In  the  MpliaUo  port 
of  the  embryo  they  are  applied  in  port  to  the  proboscis  (as  itx  mascnlalnr*), 
and  in  part  (hey  are  arranged  in  the  vicinit;  of  it  to  form  the  pn>boaaia- 
shealh.  In  this  partionlor  also  Hddkkcbt  difTen  from  RtuuasT,  lor  t>* 
oonsiders  the  pocket  ol  the  proboscis  to  be  the  remains  ol  the  hliutoe*U, 
vharaoB  8u.k)tbit  maintains  that  it  arises  (as  a  kind  of  eielom)  by  iiuiaaa 
otatpUttingof  aroeseiiobyma-layer.  HcBBacot  also  looks  npoo  Ih*  blood 
locann  and  the  cavities  ot  the  Teasels,  the  walls  of  which  as  well  u  tha 
body  muBoalature  ore  ot  a  mMenchymalons  natora,  as  ruunanla  orf  tka 
blastoetsle.  He  likewise  derives  the  (imdament  ol  the  oervoiu  lyatsa 
from  the  mesenchyma.  a  conclusion  which  is  wholly  diaeredilad  by 
Su-EHUT,  since  in  the  development  of  Pilidiam  this  obserrer  laoogniiaJ 
tha  nervous  system  to  be  ectodermal  in  nature;  this,  moreover,  affiaM 
with  the  ordinary  mode  of  origin  of  this  system  of  organs.  On  llie  otba* 
hand,  Hitbbicht  is  inclined  to  derive  the  genital  argani.  whieh  naka 
their  appearance  at  an  early  period,  from  the  ectodeno- 


While  the  proboxcin  and  its  slieath  have  grown  oonsiderabljr 
farther  backwards,  Btrikin^  changes  have  taken  pUoe  in  tb« 
intefltioe.  It  oonaista,  oa  in  the  pilidium,  of  a  poiit«rior 
wider  part  and  an  anterior  narrower  portion,  althoa^  in 
this  tjpe  even  the  latter  is  said  to  be  of  eot^ermai  natitt*. 
The  anterior  part  becomoa  solid  aa  the  rcnnlt  of  ouU-growtb 
(Pig.  106),  but  snbfleqnentljr  ia  hollowed  again,  and  iU  lomcn 
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then  communicates  both  with  the  Inmen  of  the  intestine  and 
with  the  outer  world.  Therefore  the  permanent  moutli  still 
liei  &t  the  place  of  the  blaitopore.  At  about  the  time  of  the 
closore  of  the  blastopore  the  ciliated  embryo  breaks  tin-ongh 
both  the  embryonal  envelope,  which  is  likewise  ciliated,  and 
the  egg'-memhrane,  to  continne  its  development  in  the  free 
oondition. 

Aocording  to  Eobkktht,  the  pairsd  fimilBinenls  of  two  nepfaridia  (?). 
wbiah  only  later  would  come  into  connection  with  (be  outer  world,  arise 
aa  vnuoular  Btractures  from  the  (etiopliiigiis.  and  coneequentlf  from  the 
entoderm  (tor  the  leeopbBgua  is  said  to  be  of  entodermal  natare}.  In  the 
it  from  the  pHidiuni  these  etructurea  are  found  on  the  anterior 
«  (Pig.  104  A),  whioh  here  ia 
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III.— Direct  Development. 

A  traneition  from  the  indirect  to  the  direct  development 
ia  afforded  by  the  Nemertean  studied  hy  DiccE:  Ceplutlothrix 
gaialhea.  Here  a  ciliated  blaslula  nriaes  as  the  resolt  of  the 
tolerably  regular  cleavage.  Dieck  is  inclined  to  look  upon 
«  wide  cnp-ahaped  depression,  which  makes  its  appearance  on 
the  blastula,  as  evidence  of  relationship  with  the  ptluliwm 
form,  for  an  extenniun  of  the  edges  of  the  depresaion  wonid 
result  in  the  lateral  lobes  of  the  pilidium.  Bat  a  process 
which  ia  accomplished  later  recalls  far  more  the  indirect 
mode  of  development  of  other  Nemerteana  than  this  ontward 
ahape  of  the  embryo  does.  After  the  embryo  has  elongated 
and  fuu  oMumed  n  rather  worm-lihe  shape,  the  layer  of  ciliated 
eetU  covering  it  begim  to  be  e.a»i  off,  and  utider  it  a  new  coat  of 
eUia  it  immedinlely  developed.  Apparently  here  also,  as  in 
the  type  of  Desok  and  in  the  pilidium,  the  new  covering  of 
the  worm  is  formed  under  the  la.rval  skin  ;  a  great  simplifi- 
cation in  the  mode  of  devplopment  has,  however,  taken 
place.  Special  plates,  which  enlarge  and  nnit«  to  form  the 
new  body- covering,  are  no  longer  formed  as  the  result  of 
inva^nations  of  the  larval  skin,  bnt  the  hodj-oovoring  is 

'  (Theae  organs  have  aluo  been  recent);  recognized  bj  BUboib  (Ap- 
poidii  lo  IMeraturt  on  Nemertini)  to  be  nephridia,  and  their  origin  is 
likewice  referred  bj  this  antbor  to  the  eclodermal  anterior  intestine. — K.J 


nplit  off  directly  from  th< 
place  on  tbe  free-f 
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rval  slcin.  This  process  talcn 
iarra,  for  long  before  tliia  th« 
embryo  had  broken  through  the  egg- 
membrane.  Even  at  the  time  of  ita  be- 
L-omiiig  free,  it  exhibits  at  itH  anterior 
and  posterior  ends  atont  cilia  (Fig.  108). 
which  are  likewise  a  reminiscence  of  the 
pilidiam  stage. 

Stoat  cilia,  or  tufts  of  cilia,  ariiw  at 
the  ends  of  the  body  of  the  embryo  eren 
in  tlioso  forms  in  which  the  deTelopmenl 
hua  become  qiiJt«  direct  (Aviphip(inu, 
Tetriutemna,  Malaaibdella),  and  in  which 
no  other  poinM  in  harmony  with  indirect 
duvelupnient  areatill  found, — apparently 
an  indication  that  derelopment  by 
means  of  a  ciliated  free-ewimming  larr* 
is  tlie  more  primitive  mode,  direct  de- 
velopment, on  the  contrary,  the  derived 
method. 


Cleavage  uid  tbe  piodaoticio  at  the  gBrm-lajen  in  the  tormi  daTeloping 
(tireclljr  do  nul  &[i|>c<^'  i.\vaj*  ta  take  place  in  tbe  manner  nhich  we  tUTs 
hitherto  consiilered.  In  Monopora  riripara,  it  is  tnin,  after  an  imgnlar 
ciMiage  there  arises  from  the  litailKia  an  inmfffnaltuB  yaMlmla  {Sxi^»- 
«MY);  other  fornm.  on  the  conliar;  {Ami,h'ff>nu  laeli/lerfu*,  PnHm  emf 
einophila,  TttraUtaitiiii  raritolor),  are  said  to  powasa  a  dtlaminaUam 
tattrala  (Duiboib.  Hornuii!!),  The  sheet  ol  long  priBmatio  o^la  lAkb 
lorms  the  blsHtuIa  tiplils  into  ao  oalei  and  «n  inner  l«jer.  The  (omar 
oorresponda  to  the  ectoderm,  whereas  the  latter  again  aepaTBlaa  inta  a 
double  iajrer,  the  outer  one  the  msoderm,  the  inner  one  the  anliiileiMi 
In  Tetrattrmma  the  difTerentiation  of  theae  oell-layan  Ukaa  plaea  ia  a 
■olid  mass  of  cella,  a  part  ol  which  remains  at  the  oentre  and  la  «Bplo7a4 
only  *a  food  material.  In  ilaUeithdflla  aleo  the  K*rin  i*  said  to  veoaiat 
of  a  Bolid  cell-mass,  from  whioh  the  ectoderm  beoomes  delaehed.  Indi- 
viduat  cells  migrate  trcnn  the  inner  cell-maw  into  the  oaril^r  Urn*  pc»- 
dneed,  and  coniiUtulfl  tbe  middle  germ-layer.  Hm  rvmainlng  eaOa 
oarreepond  to  the  entoderm,  and  finally  arrange  themselTM  idIo  aA 
inleatinal  epithelium,  which  fusee  with  the  eetodam  lo  torn  tba  no«lk 
and  anus.  The  embryonic  developmeal  is  now  oompteted.  Tb*  iiillata4 
embryo  reaches  the  autiiide  world  to  develop  direetly  into  the  ttamai 
(HornuKN). 


I 
I 
I 


KRHGRTlHt  229 

The  origin  of  the  different  organB  in  the  Nemerteana  with  direct  deve- 
lopment hsa  recentl;  been  studied  by  Sai^noky  (No.  94)  on  iltmupora.  It 
Dorreapoads  essentially  with  what  we  have  learned  as  occurring  in  the 
indirect  procew  of  development.  At  the  anterior  end  the  central  nervous 
■yatem  arises  in  the  form  of  two  ectodermal  thickenings,  which  soon 
become  detached  from  tlieir  connection  with  the  ectoderm.  The  funda- 
ments of  Ihe  two  brain  ganglia  grow  backwards  as  the  two  lateral  nerves. 

The  proboscis  and  the  ofsopbagua  arise  in  the  vicinity  of  the  ganglionic 
fondsments.  both  of  thein  as  bud-like  thickenings  of  the  ectoderm  and 
both  ol  vei7  similar  appearance.  The  proboscis  in  this  form  lies,  even 
in  the  adult  animal,  very  close  to  the  tesopbajjas,  whereby  the  relation  of 
Ihe  landaments  of  the  two  organs  is  explained.  The  proboscis,  which 
lie*  above  the  oBsophagua,  opens  with  it  into  a  common  atrinm.  In  spite 
of  thia.  howaver,  relations  [genetic]  between  ccsophagua  and  proboscis 
ahould  hardly  be  sought  for  here,  as  HorFHiNN  and  Bilfohh  supposed  ; 
but  the  eondition  in  ilotwpora  is  much  more  likely  of  a  secondary  nature. 
The  proboscis,  at  Srat  located  at  the  luilerior  end  of  the  body,  was  only 
Babaeqneotly  [phylogenetically]  united  with  the  wBophagua  by  moving 
backwards.  Moreover,  the  union  is  a  very  loose  one,  lor  the  proboscis 
and  (Esophagus  do  not  octnsUy  unite,  but  rather  open  independently  of 
each  other  into  Ihe  common  atrium. 

Id  the  further  course  of  development  the  landament  of  the  (esophagus 
becomes  hollow  and  unites  with  the  inleatine.  The  latter,  alter  the 
elomre  of  the  blastopore,  consists  of  a  closed  sac.  Entodermal  cells 
migrate  into  its  lumen,  thereby  entirely  filling  it.  Later  they  become 
arranged  into  on  epithelium,  and  then  the  (EBOphogus  also  unites  with 
the  wall  ol  the  intestine.     Afterwards  the  anus  is  formed. 

The  proboscis  in  Ibis  case  also  is  composed  of  ectoderm  and  mesoderm, 
the  latter  giving  rise  to  the  envelope  of  the  ectodermal  invagination  and 
la  the  proboscis-abeath.  Sai.bnbkt  aigues  for  a  formation  of  the  body* 
oavity  by  means  of  a  splitting  of  the  middle  germ-layer  in  Uonopora  also. 
E*«ll  before  the  appearance  of  the  bady-cavity,  two  lateral  bloodvessels 
and  one  dorsal  are  said  to  be  formed,  corresponding  to  the  conditions  of 
Uia  adult  animal.  To  ail  appearances  they  owe  their  origin  (o  the  inner 
pHt  ol  the  mesoderm,  (or  they  are  located  in  the  vicinity  of  the  intestine. 

We  find  DO  statements  in  Bilgnskx  regarding  the  formation  of  the 


Gehkral  Con  side  rations. 

In  MinclnBion,  we  mnst  once  more  paint  out  how  cloaelj 
tlie  different  modea  of  deTelopment  of  the  Nemerteans  ap- 
proaob  one  another.  In  the  pUidiam  the  worm  arises  by 
the  formatioa  o(  four  vefiicuiar  ectodermal  invaginatiomi, 
which  assume  a  discoid    shitpe,  and,    growing   nronnd  the 
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loTTft,  unite  to  form  th«  ^idermia  of  the  worm.  Sinos 
the  discs,  owing  to  their  mode  of  origin,  are  biUmtnftr,  tbt 
hodj-covering  of  the  worm,  formed  bj  the  inner  Ujrer,  ■■ 
enclosed  by  an  envelope  (iimnion),  the  outer  layer  of  th* 
dines.  The  larva  iteelf  goes  to  pieoes.  Id  the  type  of  XWir, 
the  discH,  which  likewise  arise  from  the  ectoderm,  are  from 
the  beginning  nnilaminar  only;  the  amniun,  therefore, 
absent,  wbereaa  in  other  respects  the  developmental  pro- 
ceaaea  are  qoite  similar.  Finally^  the  discs  are  no  longer 
formed  at  all.  However,  a«  a  suftgcstion  .of  the  former 
mode  of  development,  the  onter  ei^todermal  layer  separatee 
fram  the  embryo  and  is  cast  off  (CepWothrii).  Moreover, 
the  embryo  bears  rigid  cilia,  as  in  Pilidium.  This  is  alao 
the  case  in  those  embryos  which  are  metamorphosed  <lir«ctl]r 
into  (be  worm  without  having  their  ectodermal  covering 
nndergu  any  important  changi 

Accordingly  the  pilidium  appears  as  the  older  type  of 
development,  from  whit'Ii  the  others  arc  derived  by 
ing  at  the  same  time  simpli6ed.  Bat  even  the  development 
of  the  pilidinm  cannot  be  the  originul  form.  The  origin  ol 
the  worm  within  the  larva  is  a  secondary  process,  which  hmt 
probably  arisen  throngh  adaptation  to  the  conditions  of  lif«. 
Originally  the  larva  was  certainly  metamorphosed  dirvctlj 
into  the  woi-m,  as  is  still  the  case  in  the  Turbellana 
Annelida,  for  example.  If  the  statements  of  Fewics  (No.  5) 
Khould  be  verified,  those  forms  in  which  the  pilidium  is  said 
to  be  resorbcd  by  the  body  of  the  worm  conld  best  explaia 
the  original  mode  of  development  (oomp.  p. 


Th«  slupe  o(  Ihe  Nemcttvan  tarva,  irreipecrliT*  at  the 
loTiD  (Fkh'keb),  poinu  to  rslalionsliipB  ol  two  lunds-    One  at  Umw  «ao- 
ceraa   the   nfbtUaha,      The    teMmbluice    U   clear    oilhoet    tOttkOT 
coiaiuanl,  if  one  conaiileiB  the  Slylochiu- larva  ul  Goetti  (¥ig,  80,  ft 
188).    Tfaw  larva  eihibiu  the  two  tjpical  latent  lobw  of  the  pOidti 
We  have  shown  in  treating  of  the  7arbtllaria  how  it  can  be  ralanad  U 
HCLLaa's  larva.      In    the    comparison   of    larval   tonni  cantioa  ia  oC 
ooone  nece»arj,  and  ecpeoiaUy  in  the  cue  under  conBidetstioo.  *l 
ihe  But  ilagei  of  development  in  the  two  group*  diRer  very  niDcii  t 
Moh  other.      Thua  one  might  be  inclined  lo  maintain  the  nuiilaril;  ml, 
the  outward  shape  to  be  occidental,  it  the  adult  animal*  did  oot 
poBWM  Buuijr  similar  ohannten  in  their  or^aniiatiun. 
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The  pUidium  rtisemblea  tho  Trochophore  of  the  Annelida  (comp.  |i. 
366),  M  well  aa  the  Turbellariao  Uivte.  lu  common  with  this,  it  poa- 
MMM  (he  Bpical  pla(«.  the  cords  radiating  froni  it,  and  the  ting-nerve 
which  eiteuda  under  the  ciliary  apparatus.  The  apical  plate,  to  be  sure, 
dou  not  give  rise  here,  as  in  the  Annelida,  to  the  iBsophof^eal  ganglion, 
tot  it  IB  lost  with  the  piliifi'uni.  Foe  this  reasoD.  it  does  oot  seem  allow- 
able to  homologize  tlie  brain  ol  the  Nemerttant  directly  with  that  of  the 
Atm^ida.  Apart  Irom  this,  the  lateral  nerves  of  the  liemerleant  arise  b; 
the  growing  oat  oi  the  cerebral  ganglion,  which  is  already  separated 
from  i(«  conneution  with  tho  ectoderm,  whereas  the  ventral  ganglionic 
obsin  o(  the  Annelida  sppenrs  to  take  its  origin  by  means  of  progressive 
differentiation  of  the  ectodenu. 

The  nervous  system  of  (he  NemerleanB  is  most  closely  allied  to  that  o( 
Uu  Platyhelminthee,  and  particularly  to  that  of  the  Turbellaiia,  with 
whieh  the  Nemerteana  nlao  present  other  oommon  features,  such  as  the 
uniform  ciliation  of  the  entire  surface  o[  the  body,  the  body  parenchyma, 
and  the  lateral  organs.  But  (be  shape  ol  the  proboecis  appears  to  us 
to  be  of  particular  value  for  the  comparison  of  the  two  groups.  The 
proboscis,  situated  at  the  anterior  end  ol  the  body,  apparently  having 
arisen  by  the  metamorphosia  of  the  latter  into  a  tactile  organ  and  being 
withdrawn  into  the  inside  of  the  body,  presents  in  the  two  groups  a 
position  and  structure  too  much  alika  not  to  challenge  comparison. 

Other  conditiona  separate  the  Nemerteans  from  the  Turbellaria.  The 
intestine  possesses  an  anal  opening,  which  is  wanting  in  all  Platyhel- 
inintbee.  The  presenoe  of  a  dlSereritiated  blood-vascular  system  indi- 
cataa  t  higher  organisation  of  the  N«merteans.  The  genital  organs  are 
conatraoted  quite  differently  from  thaae  of  the  Platyhelmintbes.  whereas 
those  of  the  Turbellaria,  Trematoda,  and  Cestoda  show  great  agreement 
in  atmotare.  In  the  position  of  the  sexual  organs  a  segmental  arrange- 
ment oan  be  recognized.  Whether  tho  indications  of  aegmentatinn 
fmniahed  by  the  presence  of  the  septa  which  constrict  the  intestine  and 
the  nuiDeroua  openings  ol  the  water  system  have  any  higher  meaning 
cuinot  be  said  in  the  present  state  of  our  knowledge.  What  we  have 
hitherto  learned  in  regard  to  the  excretory  system  (v.  Kekkel  and  Oudk- 
tUHS)  entitleauB  neither  to  recognizK  therein  a  higher  degree  of  organi* 
■ation  nor  to  plane  the  Nemerteans  nearer  to  the  Platyhelmintbes.  though 
the  presenoe  of  two  longitudinal  veaaela  might  point  to  the  latter.  On 
MOOtutl  of  their  namerous  relations  to  the  Turbellaria  (although  their 
orgvuaation  is  much  higher  than  that  of  the  latter),  it  does  not  seem 
juetifikble  to  separate  the  Nemertoanit  from  the  Platyhetminthes  altogether 
mnd  lo  place  them,  as  has  already  been  done,  nearer  the  segiuented 
worms.  The  Nemerteana  would  have  to  be  separated  much  more 
sharply  from  the  Turbellaria,  it  the  etatementa  regarding  the  segmenta- 
tion of  the  body  and  the  occurrenoe  of  a  true  body  cavity  were  verified. 

Finally,  we  cannot  leave  uninentioned  in  this  place  a  theory  which 
places  the  Nemerteana  in  relation  with  the  Vrrtebrata.    Hobbiuui,  the 
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ezpoonder  of  thi«  Tiew,  oompurM  to  the  eautnl  nenrooi  ^jttoBi  off  Ohm 
Vertebrata  the  donal  nerre  cord  loond  by  him.  Tho  eetobrftl  fooflVa  off 
the  Nemerte&ns  are  held  to  oonoipond  to  tho  Mrieo  off  saogliA  off  Iho 
cranial  nerves  of  the  Yertehrata,  and  the  lateral  aorroa  to  tho  umrH 
laterales  which  oooor  so  eonatastly  in  the  latter  group.  In  tho  oliovdft 
HuBBKCHT  sees  the  metamoiphoied  sheath  off  the  pvoboieit,  whilo  tho 
remnant  of  the  proboaeia  itaelf  woold  be  reeogniaed  in  tho  hypophjria. 
For  this  view  Hubbbcbt  ilnds  aopport  in  the  laot  thai  in  oertain  Manor- 
teans  the  proboeoia  opena  oat  in  the  vicinity  off  the  CBoophagna,  and  that 
in  Tetrastemma  it  ia  laid  oren  to  arise  from  tho  wall  off  tho  cMMiphogoa 
(Hoffmann,  No.  7).  F6r  the  present  these  oxplanatioiis  have  only  Iho 
valae  of  a  mere  hypothesia. 
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Ststbmatic  :  I.    Nuuiou  ■■  nrn. 
II.     GoiwDa. 

I.    NEMATODA  B.  flTR. 

Embryonic  Development 

The  egga  of  the  Xenuitoda,  which  u«  nraally  oral,  bat. 
ooouionkllj  flpheiioal,  are  laid  at  Terj  different  rimae. 
Somfltimes  the;  are  depoaited  Terj  eaHj,  eraD  befora 
cleava^  begins,  and  then  are  Barronnded  by  a  thick  ■ball 
(^Aiearit  iMmbrieoidet,  Triekocfphaltu  ditpar'),  wheraaa  tbin* 
shelled  e|^  begin  their  deTelopment  when  atill  in  tba 
parent,  and  may  eren  oontinne  to  develop  here  to  a  qnit« 
advanced  etage.  Still  other  Nematodea,  ao,  for  example. 
Trichina  ipiralU  and  some  speciee  of  Atcarit,  are  Tiriparoa*. 
The  embryonic  development  of  a  number  of  fomu  ii  known, 
thongh,  it  is  to  be  regretted,  not  perfectly.  Aa  hr  aa  aaom^ 
tained,  the  cleavage  appeara  in  general  to  be  fairly  alike  in 
all  oaaea.  It  is  total  and  approximately  eqnal,  and  leads  to 
the  formation  of  a  bUutula,  which,  to  be  snre,  may  be  aome- 
what  Tarionaly  shaped.  It  may  have  the  form  of  a  mere 
cinster  of  cells,  designated  by  Gotrra  as  a  sterroblaatnla 
(Rhabditii  niffTOvenoia),  or  it  may  be  a  tme  veaicle,  with, 
however,  only  a  very  small  cavity  (AKarit  megaJoeapltalm}, 
or,  finally,  it  may  appear  tn  the  form  of  a  hi  laminar  plat«  oi 
cells  (Cueultanm  elegaiui). 

At  k  very  suly  period  tha  taDdamenU  ot  the  B«nn-la7ers  Bad  Ike 
diflereDtiktion  ol  tha  vmrioiu  ragioni  of  the  bod;  oan  be  ttnrniiiiei  osi 
the  ■agmentiiig  e^  (QomB,  "■■■■■")     As  aarij  as  tbs  ftisl  daawfa  the 
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eg^  is  divided  into  an  eotodermal  and  an  ento-mesodermal  half.  In 
Rhahditii  nigroveno$a,  aooording  to  Gostte,  the  ventral  and  dorsal  sides 
and  the  anterior  and  posterior  ends  of  the  embryo  can  be  recognized  even 
at  this  time.  The  ento-mesoderm  divides  first  into  two  blastomeres. 
The  eotodermal  blastomere  sends  oat  a  process  dorsally  over  both  of 
these  (Fig.  109  A)^  and  a  newly  formed  ectodermal  sphere  is  then  situated 
at  this  point.  In  the  further  division 
of  the  ectoderm  and  ento-mesoderm 
the  elements  of  the  former  push  them- 
selves more  and  more  over  those  of  the 
latter,  and  thus  as  a  whole  come  to  lie 
more  dorsally  (Fig.  109  B).  In  subse- 
quent stages  two  cells  lying  close  together 
at  the  former  eotodermal  pole  of  the  egg 
indicate  the  tail-end  of  the  embryo  (Fig. 
110  At  B),  while  the  head-end  lies  oppo- 
site. 

Whereas  Gobtti  makes  the  separation 
of  the  mesoderm  from  the  entoderm  take 
place  later,  it  occurs,  according  to  Hallez 
(in  AicariM  and  BhabditU  aceti)^  even  in 
the  eight-cell  stage,  in  which  two  meso- 
derm cells  are  constricted  off  from  two 
entoderm  cells.  In  the  twenty-four-cell 
stage,  the  hUutula^  with  a  small  cleavage 
cavity,  is  formed,  the  dorsal  part  of  which 
is  composed  of  the  ectodermal  cells,  the 
ventral  of  the  entodermal  and  meso- 
dermal cells. 


Fig.  109.~il  to  P,  cleavage 
Bta^s  and  formation  of  the 
germ-Iayen  in  SKabcUHs  nigro- 
v«noM  (after  Gtosrrx).  ect,  ec- 
toderm ;  mt,  entoderm ;  m««, 
mesoderm. 


Cktstmlation  takes  place  in  yari- 
ons  wajs,  according  to  the  form  of 
the  bkutula.  In  Ascaris  megalo- 
cephala  an  invagination  gastrula  is 
formed,  the  archenteron  of  v?hich 
is  yerj  shallow,  owing  to  the 
shape  of  the  thick-walled  blastnla 
(Hallez).  The  process  of  gastralation  in  Cucullanus  elegans 
takes  place  in  a  pecaliar  manner,  as  was  demonstrated  by 
B0T8CHLI.  In  this  form  the  blastula  stage  consists,  as  has 
been  mentioned,  of  a  bilaminar  cell-plate.  This  shape  is 
soon  lost,  however,  for  the  cells  of  one  layer  multiply  more 
rapidly  than  those  of  the  other,  and  therefore  a  bending 
toward  the  latter  ensues.     Finally  a  kind  of  tube  is  formed, 


which  presents  an  elongated  68finre  on  one  side.  This  oon- 
Btitntee  the  blattopore  of  tbie  peculiar  gantmla.  Also  in  the 
fbrraB  observed  bj  Hallez  and  in  Jlhnhilitu  nigron«no4n  the 
blaslopore  esists  in  the  form  of  a  long  sHt  (Fig.  110  B,  It). 
In  the  last- mentioned  Nematode  the  gnstmU  arises  bj 
the  more  active  proliferation  of  the  ectoderm  cells,  which 
pi-odace  an  epibolic  overgrowth,  embracing  the  ento-mpao- 
derm  (Fig.  109  B,  D),  whereby  a  long  slit,  the  blastopore, 
persists  on  the  rentral  side  (Pig.  110  B).  Snbseqaentljr  tbiH 
cinees  gradually  from  behind  forwards.    A  transition  between 


gnstmlation  by  invagitmtion  and  by  rjiiholy  exista.  aocordiBft 
to  Hallkz,  in  Oxijioma. 

As  regards  certain  fuctx  of  the  snbseqnent  embryonic 
development  which  are  not  yet  wholly  clear,  we  bav«  to 
itbide  chielly  by  the  statements  of  Goette  for  Rhahditis 
nigroceaota.  According  to  him,  when  the  circnnicreiicencc  is 
already  far  advanced,  the  formation  of  the  meeudertn  t»kc*i 
place  by  the  sijneezing  oat  of  two  cells  frum  tlieir  conacctios 
with  the  ento-roesoderm  at  the  posterior  end  of  the  embryo 
(Fig.  lt;9  J').     A  comparison  of  these  two  colU  with  iJbm 
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primitive  mesoderm  cells  [teloblasts]  of  the  Annelida  is 
s agges ted,  especiallj  since  in  mnltipljing  they  extend  toward 
the  anterior  end,  and  then  constitate  two  rows  of  cells  lying 
by  the  side  of  the  entoderm,  resembling  the  mesodermal 
bands  of  the  Annelida  (Fig.  110  A  and  (7).  Their  subse- 
quent development,  however,  is  not  the  same  as  in  that 
group,  for  single  cells  afterwards  separate  from  them  and 
take  up  various  positions  between  the  intestine  and  the 
body-wall,  without  giving  rise  to  a  ca)lom  homologous  to 
that  of  the  Annelida  (comp.  p.  268). 

The  embryo,  which  up  to  this  time  has  possessed  an  oval 
form,  changes  in  shape,  for  it  becomes  curved  toward  the 
ventral  side  (Fig.  110  D)  and  more  elongated.     The  shape 
of  the  entoderm  should  be  considered  in  connection   with 
this.     At  first  it  forms  two  layers  of  cells,  between  which 
only  a  narrow  lumen  exists  (Fig.  110  A  and  C).     The  latter 
800U  disappears  in  the  posterior  part  of  the  embryo,  and  the 
cells  now  arrange  themselves  one  after  the  other  in  a  row 
(Fig.  110  D).     The  lumen  is  retained  only  in  the  anterior 
portion;  there  is  formed  here  a  depression  of  the  ectoderm, 
the  fundament  of  the  fore-gut,  which  unites  with  the  en- 
toderm (Fig.  110  D  and  E).     The  mouth  lies  in  the  same 
place  where  the  last  trace  of  the  slit-like  blastopore,  which 
closed  from  behind  forwards,  was  visible.     Later  a  lumen  is 
again  formed  in  the  remaining  part  of  the  intestine  by  the 
splitting  of  the  entoderm  (Fig.  110  E).     The  entoderm  cells 
at  the  posterior  end,  according  to  the  statements  of  Goettk 
and  Hallbz,  fuse  with  the  ectoderm  to  form  the  anus,  with- 
out any  depression  of  the  ectoderm  being  noticeable,  whereas 
Stbubblit  (No.  10)  maintains  the  existence  of  such  a  depres- 
sion.    The  central  nervous  system  arises  by  a  thickening  of 
the  ectoderm  in  the  region  of  the  mouth  (Fig.  110  C  and  P, 
n) ;  the  dorsal  and  ventral  parts  of  the  oesophageal  ring  are 
said  to  sever  their  connection  with  the  ectoderm  earlier  than 
do  its  lateral  parts  (Oakin).     The  ventral  longitudinal  nerve 
appears  to  arise  from  a  paired  fundament,  a  condition  which 
has  led  to  a  comparison  with  the  ventral  longitudinal  nerve 
cords  of  the  Platyhelminthes.     In  pursuing  this  idea,  there 
has  also  been  an  inolination  to  ref  jr  the  dorsal  longitudinal 
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cord  to  tho  [loreal  nerves  of  the  Platjhelmintht^a,  uid  tn 
compare  the  lateral  nerves  of  the  Intter  M  the  two  nerrw  of 
the  lateral  lines  in  Nematodni.  It  mast  be  nntcd,  homvBr, 
that  the  facta  actually  established  offer  no  certainty  that 
this  comparison  is  jastiHed.  More  uncertnin  still  ara  the 
observations  on  the  foH.her  changes  of  the  mesoderm.  The 
mesoderm  cells  multiply  greatly,  separ«t«  from  the  two  oell- 
Kiws,  and  migrate  in  various  directions.  They  also  penetr«t« 
between  the  tandaments  of  the  nervona  system  and  the  skin, 
neparating  these  from  each  other  (Fig.  110  E,  met).  Finally, 
,  the  mesoderm  forms  a  rather  even  layer  between  the  in- 
testine and  the  epidermic,  so  that  the  originally  bilateral 
arrangement  thus  disappears.  It  wonid  be  irapi>rtaat  to 
know  more  accaratoly  aboat  the  formation  of  the  body  MTitj 
in  the  Neraaboda. 

The  origin  of  the  sexnal  organs,  which  in  the  early  atasas 
is  the  same  for  both  sexes,  is  better  known.  In  each  of  lb« 
mesodermal  bands,  which  nt  first  consists  of  only  a  few  cells, 
one  of  these  culls  is  distingnished  by  ita  remarkable  aiiie 
(Fig.  IIO  D  and  E,  g).  It  constitntes  the  fnndanicnt  of  the 
genital  organs.  In  likabdili*  a  cord  of  celia  is  developed 
from  it  by  division,  the  individaal  elements  of  which  divide 
further,  and  finally  become  the  sexnal  prodncU  (Goktti). 
In  other  Nematoda  the  original  cell  mnltiplies,  it  is  tm».  bat 
the  protoplasmic  bodies  of  the  newly  formed  cells  do  not 
separate  from  one  another  ;  on  the  contrary,  a  ryMrylwm  witti 
many  nuclei  is  formed.  The  seinal  fundament,  which  is  at 
first  saccular,  grows  and  differentiates  into  germ  glanda  and 
ducts.  While  in  the  former  the  protoplasmic  miuia  with  the 
nuclei  persists  as  the  gerroarium,  in  the  latter  a  peripheral 
epithelium  is  formed  (A.w.  Schneioeb). 

The  shape  of  the  ripe  embryo  resembles  on  the  whole  tKat 
of  the  Nematode,  although  it  etill  has  to  nndergo,  especialty 
in  the  parasitic  worms,  many  changes  before  it  attains  Iba 
adult  form.  Several  monltings  are  often  necessary  for  tkis. 
In  some  cases  ihe  embryo  possesses  provisional  organa,  whii^ 
appear  to  be  adaptations  to  its  mode  of  development.  Thu 
in  Spirtiplera  obtuta  and  Cucullanut  tUffartt  a  boring-tootli  u 
foand  at  the  edge  of  the  month,  and  the  poatcrior  «ad  «( 
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the  larva  of  the  last-named  worm  is  prolonged  into  the  form 
of  an  awl,  whereas  the  adult  worm  possesses  a  conspicnonsly 
blunt  posterior  portion. 

Post-embryonic  Development. 

The  post-embryonic  development  in  the  parasitic  Nematoda 
is  very  diverse.  It  appears  to  be  simplest  in  those  cases 
where  the  eggs  of  the  Nematode  reach  the  outside  world 
from  the  place  where  the  parasite  lives — for  example,  from 
the  intestine  of  the  host  with  its  faeces — and  then  are  taken 
up  by  another  animal  of  the  same  species  along  with  its 
food.  The  eggs  may  be  more  or  less  developed  at  the  differ- 
ent stages  of  this  migration,  but  in  any  event  their  envelopes 
are  first  destroyed  in  the  intestinal  canal  of  the  new  host, 
and  the  embryo  here  finds  at  once  the  conditions  of  life  suit- 
able to  it.  Leuckart  has  observed  such  a  direct  conveyance 
of  the  eggs  into  the  intestine  of  the  host  in  Trichoeephalus 
affinis  and  Heterdkis  vesicularis. 

The  conditions  are  somewhat  less  simple  when  the  eggs 
are  enveloped  by  only  a  thin  shell,  from  which  the  embryos 
hatch  as  larvss.     These  then  live  and   take  food  in  damp 
earth  or  water,  like  those  Nematodes  which  always  lead  a 
free  existence.     In  general  they  resemble  the  members  of 
the  genus  Bhahditis  so  closely  that  they  are  not  distinguish- 
able from  them  (Leuckabt).     During  its  free  existence  the 
worm  attains  a  certain  size  and  development.     Only  when 
it  arrives  in  its  host  do  the  organs  needed  for  a  free  exist- 
ence degenerate ;  it  now  adapts  itself  to  the  parasitic  mode 
of  life.     Such   is  the  case,  for  example,   in  Dochmius   tri- 
^onoeephalus  and  D.  duodenalis.      The  Rhahditis-like  larvse  of 
^hese  worms  undergo   several  moultings  during  their  free 
existence,  are  then  swallowed  by  the  dog  along  with  its 
^irinking-water  or  by  man,  and,  as  the  result  of  a  gradual 
'xnetamorphosis,  acquire  the  sharp  mouth  armature  which  is 
;])ecnliar  to  them  in   the  adult  condition.     The  process  of 
development  is  somewhat  different  in  the  Mermithidcej  which 
^^re  foand  as  sexually   immature   forms  in   the  larvaa    of 
insects.     After  prolonged  periods  of  residence,  they  abandon 
^his  place  of  habitation  by  breaking  through  th^  body-wall. 
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ftnd  then  remain  in  the  damp  earth.  Hare  thej  mc 
metamorpLoee  into  the  sexaallj  mature  aarmala, 
copalate,  deposit  their  eirgs  ia  the  earth,  and  the  y 
worms  developing  from  them  then  mignkle  into  insect  Iftrv* 
again,  that  of  MermU  albican;  for  example,  into  fvanjt 
calerpillai-H 

The  mode  of  development  jnst  deHcvibed  fur  many 
Nemat^es,  in  which  the  wurms  pit«B  thrungh  a  Rhahditu 
stage,  may  well  be  regarded  as  m<>st  nearly  raeembiing  that 
form  in  which  parasitism  in  the  Nematode  originated;  that 
is  to  say,  a  more  or  less  fully  developed  worm  resortvd  to  th« 
body  of  another  animal,  or  at  first  only  became  attached 
to  it  in  order  to  gain  nourishment  from  its  juices.  The 
parasitism  only  gradually  became  perin&nent ;  it  is  preciaelj 
the  Nematodes  that  offer  all  transitions  from  a  partial  to  • 
oomplet«  parasitic  life,  which  eventually  lends  to  a  totaJ 
transformation  of  the  form  of  the  body.  Sach  a  metamor- 
phosis of  the  most  extreme  kind  is  realized  in  Sp/uBnUtria 
bomin,  which  was  tirst  inveetigated  by  Ant,  Schskiukk  and 
more  recently  in  detail  by  Lidckart  (No.  7).  This  womi  in 
the  adnlt  condition  consists  of  'a  thick  warty  aao,  which 
lies  in  the  body  cavity  of  female  hnmble-bees.  To  it  i> 
attached  a  diminutive  worm,  which  can  be  recognised  ma  m 
Nematode  only  upon  careful  examination.  The  entire  aac 
owes  its  origin  to  the  fact  that  the  vagina  of  tb«  worm 
became  everted,  and,  growing  to  an  enormous  sice,  incladod 
the  other  sexual  organs  in  il.  The  entire  animal  now  eoa- 
sists,  with  the  exception  of  the  small  attached  worm,  simply 
of  a  HOC  filled  with  sexnal  products.  In  it  the  eggs  develop. 
The  yonng  worms  reach  the  biMly  cavity  of  the  hnmble-boe, 
and  from  there  the  ontside  world,  where  they  atbotn  to 
sexnal  matarity.  They  copulate  in  the  free  condition,  mkI 
probably  the  fertilized  females  migrate  into  the  humblo-beee 
when  these  seek  their  winter  quarters  in  the  ground.  Th«n 
the  remarkable  transformation  of  the  female  begins. 

A  transition  to  Bphtenilaria  is  represented  by  Atraehmvmui 
gibbornm,  discovered  by  Leuceart,  in  which  an  erereian  of 
the  vagina  likewise  takes  place,  although  it  attain*  no 
greater  sise  than   aboat  that   of   the   worm   itaelt.     It    ie 
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appended  to  the  worm  as  a  hernia-like  bodj.  The  intestine 
of  the  latter  degenerates,  so  that  here  also  nutrition  must 
take  place  by  endosmosis.  The  course  of  development  of 
Atractonema  resembles  that  of  Sphserularia.  The  eggs 
arrive  in  the  body  cavity  of  the  host,  and  the  young  worms 
from  here  repair  to  the  outside  world,  where  they  develop 
into  sexually  mature  animals  and  copulate.  The  fertilized 
females  penetrate  into  the  larvae  of  a  gall-fly,  Cecidomya 
pint,  where  they  undergo  their  further  development. 

To  the  developmental  processes  of  the  forms  last  con- 
sidered can  be  added  that  of  the  Beet  Nematode,  Heterodera 
Schcuihtti,  Swelling^  containing  a  spherical  worm  filled  with 
^g?8>  which  can  be  recognized  as  a  Nematode  by  its  develop- 
ment, are  often  found  on  the  lateral  roots  of  the  sugar-beet. 
The  eggs  of  the  worm  develop  within  it,  and  pass  into  a 
slimy  brood-sac,  secreted  by  its  genital  ducts  and  attached 
to  its  posterior  end.  From  here  the  larva  passes  to  the  out- 
side world,  and  undei*goes  a  development  which  differs 
somewhat  according  as  a  male  or  a  female  arises  from  it. 
The  female,  which  is  provided  with  a  stiletto-like  structure 
on  the  pharynx,  bores  into  a  beet-root,  moults  here,  and  sucks 
up  such  a  large  amount  of  nourishment  that  it  becomes 
swollen  into  a  plump  body,  and  thereby  causes  the  epidermis 
of  the  root  to  burst.  In  this  way  the  hind  end  of  the 
female  is  exposed,  and  it  is  probable  that  copulation  does  not 
take  place  until  this  time  (Strubell)'.   . 

Probably  the  most  profound  metamorphosis  undergone  by 
any  Nematode  is  exhibited  by  Allantonema  mirabile,  likewise 
discovered  by  Leuckart  (No.  7),  a  worm  of  a  sausage-like, 
stubby  shape,  which  lives  in  the  body  cavity  of  one  of  the 
Curculionidsd  {Hylohius  pini).  Except  for  the  form  of  the 
sexual  apparatus  and  its  products,  resemblance  to  a  Nematode 
could  be  recognized  neither  from  the  external  nor  internal 
conditions  of  this  intestineless  structure.  This  worm  is  said 
to  be  hermaphroditic,  and  it  is  maintained  that  self-ferti- 
lization takes  place.  The  eggs  are  developed  in  the  uterus 
into  young  Nematodes,  which  are  set  free  in  the  body  cavity, 
and  subsequently  reach  the  outside  world  through  the  intes- 
tine.    For  a  considerable  time  the  larvaa  lead  a  free  life,  for 
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which  thoir  organiiation  fits  tiiem.  Th^jdaralc^  into  ■ 
aad  fem&leB,  whiob  oopnlftta  Mid  Uj  fertUiud  aflgs.  Than 
develop  id  the  free  oonditioo,  tad  m  genontiw  cf  JfcriA'h'i. 
like  Nematodea  wiaei  from  them.  The  kttar  atost  Waif 
migrate  into  the  itrwm  of  the  weeril,  ftod  hem  efc>ilg«  nMV 
the  AllanUmema  form  dewribed  »bora.  Hn*  thwftiw  tlM 
procsBB  gt  developmcoit  u  further  oompUofttMl  bf  tmbcMnf 
two  differently  formed  generktione,  of  whioh  on*  i»  IMV 
throD^hoat  life ;  the  other,  however,  IomU  in  pwt  ft  puantit 
life.  This  coaditkm,  long  known  u  hetsragwv.  oorrMpoadi 
to  the  mode  of  development  <rf  JikoMtfu  t 
that  in  the  latter  owe  no  •noh  fondnmeotal  I 
of  the  parasitic  generation  t&kee  place.  The  lumUfbniUlB 
form,  ordiaarilj  known  w  AMearii  mgnotmot 
Inng  of  the  frog.  It  prodnoM  *gg*i  the  < 
which  we  have  deeeribed  kbore.  The  eggg  ue  dardopad  is 
the  parent,  from  which  the  embryos  emerge  in  the  Inny  of 
the  frog.  From  there  the  embryoe  paw  into  the  intailiai 
and  then  out  with  the  feces,  und  then  develop  into  male* 
and  females,  the  trae  Bht^ditU  form.  After  oopnUtion, 
there  are  developed  within  the  female  a  small  nnmber 
of  yonng,  which  abandon  its  body  after  they  hare  bean 
nourished  by  its  contents.  These  yoang  worms  likewiaa 
exhibit  the  lihabditit  form,  and  do  not  lose  it  nntil  they 
have  migrated  into  the  lang  of  the  frog,  where  they  ate 
mctamoiphosed  into  the  hermaphroditic  form.  The  oooiae 
of  development  in  Bhabdouema  itrongyloideg  is,  according  to 
the  discovery  of  LEUCiuitT,  also  similar;  the  hennaphnxlitic 
form,  hitherto  known  as  Atiguiliula  inlettituUu,  iahAbita  the 
intestine  of  man,  whereas  the  dicecions  Rkubditu  form  (fiAo^ 
ditit  stercaralit)  is  fonnd  in  a  free  condition. 

Those  forms  also  which,  in  order  to  reach  their  complete  ^e 
development,  must  live  parasitically  in  two  different  baata^^,-' 
show  a  very  high  degree  of  adaptation  to  a  parasitic  mode  a^B'« 
life.  This  applies,  for  example,  to  CaeuUanut  elegant,  wbiob^^V 
is  fonnd  in  the  intestine  of  the  perch.  The  yonng  of  thi^MLM 
vivipai-ous  Nematode  pass  from  the  intestine  of  the  boat  int^v^d 
the  water,  where  they  may  live  free  for  several  weeks,  nntilS^ 
they  meet  with  some  suitable  host.    This  in  not  the  pereliM^'^ 
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as  one  riiii^bt  imagine ;  bat  the  woi-ms  migrate  into  a 
Gydnp*  by  first  penetrating  into  the  intestine  throngh  the. 
month  and  then  into  the  body  cavity  of  the  CruMtacean. 
Here  they  undergo  several  chan^ea  iu  form,  but  attain  their 
permanent  shape  only  after  the  Cyclops  which  harbors  them 
ia  avralluwed  by  a  perch,  and  they  are  Get  free  in  its 
intestine,  where  they  soon  become  sexually  mature,  and  in 
torn  bring  forth  young,  which  undergo  the  eitrae  course  of 
lievelopment.  Draeuiiculuii  tnedinensis,  a  Nematode  pFirnsitic 
in  the  human  body,  appears  to  have  a  quite  similar  mode  of 
development.  Dracmtculua  inhabits  the  snbdermal  connect- 
ive tissac,  and  by  ita  pressure  against  the  skin  causes  a 
tnmor  and  finally  an  abscess,  through  which  it  is  able  to 
psaa  oot.  In  this  way  also  the  embryos,  which  are  present 
in  the  worm  iu  conntless  numbers,  may  i-cach  the  outside 
world.  During  the  bathing  of  persons  afflicted  with  the 
diseaw  they  get  into  the  watur,  and,  like  the  larvte  of 
CmcHUanKi,  migrate  into  Cyclopidie;  however, they  penetrate 
directly  through  the  body-covering  to  the  interior  of  tho 
hosL.  These  infected  CyclopidcB  are  probably  swallowed 
ftlong  with  the  drinking-water  by  the  inhabitants  of  those 
re^OQs  where  the  parasite  abonnds. 

Spirfptera  ohhisa  has  a  development  very  similar  to  that 
of  the  two  forms  lust  considered,  only  it  is  still  more 
adapted  to  parasitic  life,  for  the  eggs  of  this  worm  do  not 
develop  into  a  free  organism,  but  are  dii'ectly  received  by  an 
intonoediale  host.  Sjiirop'cra  nhtiiea  inhabits  the  intestine 
of  the  mouse.  The  eggs,  in  which  the  embryos  are  already 
derelo|ied,  reach  the  ootside  world  with  the  fieces.  They 
am  awallowed  by  the  larva?  of  the  mealworm,  Tetiebrio,  which 
feed  on  tlie  dang  balls.  The  embryos  hatch  oat  in  their 
atonuLoh,  break  through  the  wall  of  the  intestine,  and  become 
aaoyated  in  tho  fat-bodies  of  the  mealworm.  When  a, 
moaso  devours  a  mealworm,  it  becomes  infected  with 
the  Spiroptera,  which  wakes  up  to  a  new  life  in  the  intestine 
of  ita  host,  becomes  sexually  mature  and  reproductive. 

The  coarse  of  development  in  Trichina  tpiratii  ia  one  at 
those  which  are  most  completely  udapted  to  parasitic  life,  for 
this  Nomtitode  accomplishes  its  entire  life-history  within  the 
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bodiea  of  two  hosts.  Its  development  differs  From  lliat  ot 
other  Nematodes  in  that  the  yoan^  born  ot  thg  •cxoallj 
mature  females  in  the  intestine  of  the  host  de  not  reach  tha 
outside  world,  but  break  through  the  walla  of  the  intestino 
and  migrate  into  the  muscles  of  various  parts  of  the  budj  of 
the  host,  to  become,  aft«r  Bulficient  growth,  encrateil.  In 
order  t^  wake  the  mnscte  Trichina  into  new  life  and  brinfc 
about  its  sexual  matarity,  it  is  necessary  that  the  infe«t«d 
niascle  be  consumed  by  some  uther  animal,  in  whose  int«fl* 
tine  the  Trichinte  then  attain  their  complete  developmenl 
and  power  of  i-epi-oduction  (Leuckabt). 

II.  GORDIIDjE. 
The  accounts  of  the  development  of  the  Gordiida*  are  still 
BuperGcial.  The  egga  are  not  deposited  singly,  but  are  united 
into  large  balls  or  strings ;  for  during  ovipositton  a  tenacious 
mass  is  poured  over  the  eggs,  which  are  already  surrounded 
by  &  shell.  The  mass  hardens  in  the  water.  Sine*  the  egg- 
Btringx  are  heavier  than  water,  they  sinlc  to  the  bottom  and 
remain  thereuntil  their  embryonic  development  is  cumpletMl. 
This  does  not  begin  until  after  the  laying  of  the  egga,  and 
requires  quite  a  long  time,  according  to  Mirinssu  aboat  a 
month  or  more.  As  regards  the  first  stages  of  drvela|KB«int, 
the  statements  of  the  authors  (Villot.  No.  16,  and  Camruko, 
No.  11)  do  nut  ngrce.  According  to  Ciherako,  the  cl«*vagv 
is  niieqnal,  and  leads  to  the  formation  of  a  bilnmiuu- oell- 
plttte,  whiuh,  by  the  bending  in  of  the  edges, 
phosed  into  a  gastrula  with  a,  long  slit-like  blojitopotv, 
maimer  similar  to  that  described  above  (p.  235)  for  Cnciil* 
lanna.  The  gaatrula  cleses,  exactly  a«  in  CucnllnnDs.  fron. 
Iiehind  forwards.  Tha  observations  of  Camkkano  on  GordimaA 
Villoli  extend  up  to  this  Stage,  and  it  appears  aa  if  tt 
figures  givun  by  Villot  for  Oordiut  aquaticut  couH  be 
plied  to  Came  kino's  observations.  V11.1.OT  describoa 
cleavage  as  regular.  A  solid  heap  of  colls  arises 
after  further  multiplication  of  the  cells,  splits  into  a 
cell-mass  and  a  peripheral  layer  (Villot).  Th«  hitfai 
spherical  embryo  elongates  somewhat,  and  a  de«p  depi 
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now  arise!)  at  one  end.  In  this  tiie  head  of  the  embryo  is 
formed  in  Bnch  ii  way  that  it  can  snbHeqnetitly  be  everted. 
The  head  is  componed  of  a  thicker  basal  portion  and  a  slender 
proboBcis.  The  former  bears  three  circles  of  six  hooks  each, 
the  latter  three  long  stylets,  so  that  tlie  embryo  appears  well 
armed.  'At  the  time  of  faatchinfti  the  head,  with  its  armatnre, 
u  everted  (Fif^.  Ill  B),  but  can  at  any  time  be  retracted  as 
before  (Fijr.  Ill  A).  In  the  mean- 
time the  intestine  is  formed,  and 
leads  from  the  mouth,  at  the  tip  of 
the  proboiiciti.  to  the  anus,  sitnated 
Bomewbat  in  front  of  the  po.sterior 
end.  The  effe:-ent  duct  of  a  remark- 
ably extensive  gland  opens  into  tiie 
ueaophagns,  at  the  base  of  the  pi-o- 
boscis.  Kxternally  the  embryo  pre- 
sents an  annnlated  appearance  {Fig.  ^'■'^  ""«"''  """  '""' 
111).  The  embryo  after  hatching  M'^i.r"*""'"  '"""^ 
lives  as  a  larva  for  a  long  tim«  free 

in  the  water,  and  then,  with  the  aid  of  its  sharp  armature, 
penetrates  thro agh  the  skin  intio  the  interior  of  Chironomun 
UrVK,  as  was  observed  by  Villot.  This  obaerver  repards 
as  simply  an  exceptional  case  Meissner's  statement  (No.  13) 
that  the  larvie  of  Jiphemeridm  are  also  infected  with  Gardiut 
larvK.  The  parasite  becomes  anrronnded  by  an  envelope 
formed  from  the  tissue  of  the  Chironorans  larva,  and  re- 
mains there  nntil  the  larva  happens  to  be  swallowed  by  a 
fish  (ViLLOT,  No.  111).  Becoming  free  in  its  intestine,  the 
Gordins  larva  perforates  the  intestinal  wall  and  again  be- 
comea  encysted.  It  remains  here  for  a  long  time  without 
undergoing  essential  change.  Finally  (at  the  beginning  of 
spring)  it  returns  to  the  intestine,  which  it  leaves  with  the 
ffrcea,  and  then  gradnally  assumes  the  form  of  the  adult 
i*orm,  during  which  the  cephalic  armature  is  lost,  the  an- 
nnlation  of  the  surface  of  the  body  is  smoothed  out,  and  the 
sexual  organs  are  developed.  At  the  same  time  its  intestine 
puffers  a  partial  degeneration,  and  the  mouth  becomes  closed. 
However,  it  appears  to  be  by  no  means  certain  whether 
the  mode  of  development  described  is  the  one  realized,  or 
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wliether  tbo  Hfe  even  in  n.  single  liost  may  rot  pi*pare  tlia 
Gortliiu)  for  further  deFelopnient  (Villot,  No.  17). 

In  addition  to  fislies,  the  Gordius  larvaa  may  also  Ret  into 
froffs,  inaectfl,  spiders,  and  CnistticBa,  althonK'''i  according 
to  ViLLOT,  finhes  are  their  most  common  hosts.  Ah  is  -well 
known,  the  Gordiidie  are  often  fonnd  also  in  terrestrial  in- 
sects,  for  example  beetles  and  grasshoppers  ;  bat  nothing  ia 
accnrafely  known  concerning  the  conditions  of  infection  in 
these  animals.  In  insects  of  prey  it  can  be  eicplftined  as  the 
result  of  swallowing  infected  insect  larvte.  The  extraordi- 
nary size  and  development  of  the  Gordiidre  in  snch  terres- 
trial animals  is  explicable  by  the  fact  that  they  so  lon^ 
lacked  the  opportunity  of  reaching  the  water,  the  place  of 
their  final  development. 


alilered  here. 


General  Considerations. 

The  Bjatomalic  position  of  Gitrdim  muHt  be  brieS;  cc 
yuDOTaHT  IioB  recenlly  reverted  to  the  idea,  prevalent  in  [ormer  times, 
that  the  OordiidK  present  much  aloser  relationships  to  the  Anoelidft  than 
to  the  Nematoda,  and  perhaps  are  even  to  be  looked  npon  as  d^rnerate 
Annelids  (Nob.  14  and  IS).  The  aef^ent-h'ke  arrangement  of  the  ova- 
riee,  and  more  eapecialiy  the  atraetural  conditions  of  the  body  canity,  give 
rise  to  this  conception.  The  ]att«r  is  said,  according  to  Vejdovbkt,  to  be 
boanded.  on  its  Bomatla  wall  at  least,  by  a  well-marked  epitheliam,  and 
the  intestine,  as  well  aa  the  genital  organs,  is  said  to  be  united  to  the 
body-wall  bj  means  of  mesenteries.  Villot  denies  the  existence  of  the 
meeenteriea.  and  refers  the  epithelium  seen  by  TEjnovsEi  to  a  kind  ol 
mesenDhymatoiia  tissue,  whiob  in  younR  stages  of  developmenl  Gils  np  a 
large  part  of  the  space  betveen  the  intestine  and  the  body-wall.  There- 
fore the  hodj/ cnritj/  of  the  Oordiidie,  Uke  Ihet  of  the  Nematoda,  is  bounded 
on  one  side  by  the  muscalature  of  the  body-wall,  which  arieea  from 
that  [mesenchymatic)  tissue,  and  on  (he  other  by  the  entodermal  vail  ol 
the  intestine  itself.  On  the  latter  Vejdotbki  even  could  recognise  no 
lining  epithelium,  a  condiLon  which  he  explained,  however,  by  the  great 
reduction  of  the  inloatiae.  However,  v.  Linstow  has  also  denied  recently 
the  presence  of  an  epithelium  lining  tile  body-wall  {No.  13).  and  Cin- 
8AMa,  in  consequence  of  the  early  stages  of  development  of  (be  finrdiidir 
observed  by  him,  argues  tor  their  relationships  to  (he  Nemallulminilui 
(No.  11).  NeierthelesB  (he  Gordijdie  are  distinguished  from  the  Keraatoda 
by  the  peculiar  condition  of  their  genital  organs  and  their  deviations  from 
them  in  other  systems  of  organs,  especially  the  nerve-ring,  which  is  pro- 
longed into  the  ventral  cord,  and  they  can  be  co-ordinated  wi(h  Ihem  oa 
a  separate  division.    What  was  said  in  considering  the  Neniatoda  mun 
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be  repeated  here,  namely,  that  for  the  determination  of  the  position  of 
this  division  a  better  knowledge  of  the  mode  of  origin  and  metamorphosis 
of  their  middle  germ-layer  is  most  desirable. 

Embryology  gives  no  satisfactory  basis  for  the  determination  of  the 
position  of  the  Nemathelminthes  in  the  system,  and  it  is  hardly  possible, 
in  the  present  state  of  our  knowledge,  to  decide  this.  It  cannot  be  deter- 
mined whether  on  the  one  side  they  have  relationships  to  the  Platyhel- 
minthes  or  to  the  Nemertini,  and  whether  on  the  other  to  the  Annelida. 
It  appears  to  follow  from  the  structure  of  the  adult  animal  that  there 
exist  resemblances  to  the  organization  of  the  Eehinoderes  and  Gastro- 
tricha.  But  the  latter  are  unquestionably  related  to  the  Rotatoria,  so 
that  in  this  way  relations  of  the  Nemathelminthes  to  the  Trochophore 
would  be  brought  about  (comp.  p.  259). 

More  obflcure  still  than  the  position  of  the  Nemathelminthes  is  that  of 
the  AcoMthoeephali.  We  have  not,  as  is  customary,  considered  these 
along  with  the  Nemathelminthes ;  it  is  for  the  reason  that  their  associa- 
tion with  this  group  rests  upon  grounds  of  purely  external  nature,  and  is 
required  neither  by  their  organization  nor  by  the  manner  of  their  develop- 
ment. Even  the  musculature,  which  has  ordinarily  been  made  use  of 
for  the  comparison  of  the  two  groups,  does  not  appear  to  be  the  same  in 
the  Nemathelminthes  and  Acanthocephali  either  in  its  arrangement  or 
structure  (Safftioen,  Koehler  [Literature  on  Acanthocephali,  Nos.  6 
and  3] ). 
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ACANTHOCEPHALI. 

The  eppa  of  the  Atdnthocephali  are  detached  from  the 
ovarium  as  membitknelefiH,  aHiiaUy  epindle-nhaped  cells,  and 
then  come  to  lie  in  the  interior  of  the  body  ot  the  female. 
Here  they  are  fertilized,  after  which  each  egg  is  snrroanded 
by  a  delicate  transparent  membrane,  and  then  begins  to 
cleave.  When  this  (in  EchiitorhyiKkun  gigai)  has  advanced 
ns  far  as  the  formation  of  twelve  blastomeres,  a  second  mem- 
brane is  formed  nnder  the  first,  which  has  separated  some 
distance  from  the  egg,  and  to  which  are  added  in  the  conrse 
of  the  decelopment  two  more  protective  envelopes,  bo  that 
finally  foar  of  them  are  present.  This  applies  to  Echino- 
rhynchiis  gigtu  (Fig.  113  A).  Ordi- 
narily three  auch  embryonal  mem- 
branes are  formed,  the  middle  one  of 
which  ac(]nire8  a  considerable  thick- 
ness and  firmness  by  the  deposition 
of  concretions  of  a  brownish  colonr. 
These  strnctnres  are  particularly 
noteworthy,  for  the  reason  that  they 
first  make  their  appearance  dnrin^ 
cleavage,  and  therefore  are  not  to  be  jiyniiiiu  pratiu  (nfUTLtur- 
looked  npon  as  eg(j*- membranes,  but  «*")i  •''■  O"'  Bmbryonii 
as  a  kind  of  embryonal  membrane ; 

still  they  do  not  appear  to  have  any  cellular  strncture. 
They  i-ecall  the  embryonal  membranes  occurring  in  the 
Tvniadie,  which  may  also  acquire  a  considerable  firmness. 

Daring  the  formation  of  the  embryonal  membranes  the 
elearage  has  continued.'     It  is  nneijaal,  and,  according  to 

'  In  Ihia  oonnectian  we  [oUow.  in  aJdilioa  to  tlie  oldeT  obBervationG  o[ 
Ottvar  ftnd  e»[>eci»lly  Lkuokjut.  Lhe  iiuwet  inveBtigttlionB  ol  Kjjbck  oo 


250  KM  DIIVOLOCT 

Leuckabt,  tttkex  plnce  in  Eekinorhynehtit  prolrut  Ktiil  iin^iw* 
tiitns  ill  sncti  a  manner  that  the  Bpiodle-shaped  egg  ia  di^-idcd 
at  riglit  angles  to  itn  long  axis  into  a  namber  of  cella  which 
are  not  i\aite  eqnal  in  eize  (Fig.  1I'2  A.  D).  After  fire 
blastomeres  bare  been  formed  in  this  way.  they  ar«  divided 
in  the  direction  of  the  lon^  axis,  and  a  rather  irregular  ar- 
i-angement  of  the  cleavage  spheres  ensQeH  (Fig.  112  C. 
D).  As  the  rcnnlt  of  cleavage  an  epibolic  gastmla  is  pra- 
dnced  (Kaiseh),  the  outer  layer  of  which  is  formed  of  a 
lar^  namber  of  polyhedral  cells,  whereas  the  inner  layer 
consists  of  mnch  larger  cells  and  enoIoHes  a  i-emnaiit  of  ynik 
in  the  centre.  Rveii  at  this  stage  the  embryo  accguires  ita 
armatnro.  In  the  middle  of  every  group  of  four  contigaons 
ectoderm  cells  is  foi-med,  as  the  protlnct  of  I  heir  aerretion,  a 
reeuiTed  booklet  which  protmdm 
into  the  Hpace  bunnited  by  the  em- 
bryo and  the  innermnxt  prot«ctiro 
envelope.  The  entire  sarface  of  an 
embryo  of  EehinorkyncK'u  gigtu  ta 
beset  with  small  itpines,  and  in  ad- 
dition five  larger  hooks  are  fonnd  at 
the  anterior  end  (Fig.  113  A).  TTie 
anterior  end  of  the  body,  on  wbicb 
they  are  located,  can  be  retnwrted, 
L— ^,  smbiTO  r>r  forming  a  funnel-shaped  deprMaJon. 
TiXS^Vm'  ^^  EehiMThynchu.  anfftittalM*  it  ja 
It  Echi«Bri-tneh'$  tmncated.  and  five  to  uix  hooka  are 
.^?«di!l^*"  "'"^y  f'"""l  "n  the  dieo  thna 
uin  (aJiBr  Litri-  formed  (Fig.  113  11).  As  in  £c&um»> 
■■■mbrronio  no.      rhyttcHnt  gigot,  it  ahto  can  ba  dt«wn 
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Aft«r  tlie  c-cntral  yolk  is  entirely  consumed,  there  be^i 
a  process  called  by  Kaiser   hiRtolysis.     This  conatsta 
following  changes:    the  boandariee  between  the  cella  dia— - 
appear,  the   bodies  of  the  cells  flow  together,  and  lh«  ccirj 
nuclei   move  to  the  middle  of  the  embryonic  body,  wher^p- 

Kckiuiirhijnehiu  gi^at,  whiEb.  howevet,  have  u  yci  bMn  pablidud  0*1^ X 
in  a  preliiuinarj  «>;  and  willioat  illaitrationii.  hat  whidi  nerertbdi^^ 
aJtord  an  iotight  inlo  Ibe  development  of  tbeea  ronns. 
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thej  accnmnlate  to  form  the  structure  called  by  Leuckart 
the  embrjonic  nnclens  or  core.  Moreover,  layers  of  two 
kinds  can  still  be  distinguished  in  the  syncytium  :  an  outer 
toogh  one  and  a  less  firm  inner  one,  which  encloses  the  em- 
bryonic nucleus.  Leuckart  had  already  shown  that  later  the 
greater  part  of  the  worm  arises  from  this  central  portion 
of  the  embryo.  Furthermore,  be  compared  it  to  a  rudi- 
mentary intestine,  and  showed  how  the  solid  body  which  he 
found  lying  between  the  cephalic  disc  and  the  embryonic 
nucleus  (Fig.  113  B)  could  be  interpreted  as  a  rudimentary 
pharynx.  This  conception  seemed  satisfactory  in  view  of 
the  relationship  of  the  intestine! ess  Acanthocephali  to  other 
worms  (Nematoda). 

In  the  condition  above  described  the  embryos,  enclosed  in 
their  firm  envelopes,  pass  out  by  means  of  the  complicated 
mechanism  of  the  sexual  conductive  apparatus.  They  now 
find  themselves  in  the  intestinal  canal  of  the  host-~a  fish 
in  the  case  of  Echinorhynchus  angustattis  and  proteus,  the 
bog  in  the  case  of  Echinorhynchus  gigas — and  then  reach 
the  outside  world  with  the  faeces  of  the  animal.  The  em- 
bryos of  the  latter  species  are  swallowed  by  the  larvae  of 
Cetonia  aurata  along  with  their  food,  whereas  those  of  the 
two  worms  first  mentioned  are  swallowed  in  the  same  way 
by  Atellus  aquaticus  and  Oammarus  pulex.  The  embryonic 
envelopes  soften  in  the  stomach  of  the  new  host,  and  the  em- 
bryo becomes  free ;  it  immediately  penetrates  into  the  intes- 
tinal wall,  and  comes  to  rest  either  here  (Echinorhynchus  gigas 
and  angustatus),  or  in  the  body  cavity  of  the  host.  The 
larva  of  Echinorhynchus  angustatus  also  reaches  the  body 
cavity  later,  but  in  a  more  passive  manner  as  the  result  of 
its  active  growth  and  the  rupturing  of  the  intestinal  mus- 
culature. Here  (in  Oammarus  pulex)  are  also  found  the 
young  stages  of  Echinorhynchus  polymorphus,  which  as  an 
adult  worm  inhabits  the  intestine  of  ducks  and  other  aquatic 
birds  (Grekff). 

The  further  development  of  the  larva  is  connected  with 
a  metamorphosis  of  the  external  shape  of  the  body,  due  to 
the  formative  processes  which  take  place  within.  In  Echi- 
norhynchus gigas  the  middle  part  of  the  body  swells  greatly 
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as  floon  as  the  Inrra  had  tocateil  itself  in  the  ink-sliniU  tnnii- 
culatnre  of  the  intermediate  hoet.  The  developineiit»l  pro- 
cesaes  proceed  from  the  central  pari,  the  so-called  cinbrjronJc 
nuclens,  for  it  is  this  which  contains  the  formative  roaterul. 
According;  to  the  observations  of  Lkuckart,  it  is  differenti- 
Ated  into  foul'  groups  of  cells  tying  one  behind  tha  other 
(Fir.  114  A).  The  hindermost  of  these  four  fn^npe  soon 
acquires  a  greater  volnme,  sending  out  a  peripheral  Ujrer, 
which  spreads  out  in  front  and  on  the  sidos,  and  encloM* 
with  the  exception  of  the  moiit  ant«nar 
The  Echinorhynchns  is  formed  for  th« 
most  part  ont  of  these  ooll 
gronps.  The  most  anterior  u 
8aid  to  become  the  proboocw, 
the  Recond  the  ganglion,  the 
third,  which  fioou  divide*  into 
two,  the  sexuftl  glands,  and. 
iinally,  the  foartli  the  Mtxn*! 
ductK.  The  cell-lajer  which 
BurronndH  the  gruups  Babac' 
cjnently  splits  into  two  laj«n, 
which  were  treated  by  Ijtcc> 
KART  as  answering  to  the  aomm- 
tic  and  splanchnic  layen  of 
the  mesoderm.  In  thenbaenoe 
of  the  int«stinp,  the  splanchnic 
layer  would  be  reprcneotcd  by 
the  so-called  ligamrnt  utd  th« 
proboacifl-sheath  oulj,  both  of 
which  strncturos  arise  frota  it. 
Thu  somatic  layer,  after  it  ha* 
separated  farther  frotn  tho 
splanchnic,  and  hait  left  tho 
body  cavity  lietween  ibetB, 
woald  form  the  mnacnUitarv 
of  the  body,  whereas  the  epidermis  arises  directly  fnMn  the 
larval  skin.  When  the  intei-nal  formative  processc*  hare  pto- 
gressed  salficiently  to  allow  of  it,  the  cuticula  i>f  ihe  larva 
is  klone  cast  off.     A  new  caticala  then  arises.     During  tbew 
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processes  the  different  parts  of  the  "  embryonic  nucleus  '* 
have  also  enlarged  considerably,  and  thus  have  once  more 
approached  somewhat  nearer  to  the  larva  in  size  (Fig,  114 
B).  At  the  same  time  the  differentiation  and  development 
of  the  different  organs  begin. 

From  the  preceding  description,  which  contains  the  chief 
features  of  L  buck  art's  discoveries,  it  is  seen  that  the 
largest  part  of  the  worm  arises  from  that  frequently  men- 
tioned central  mass  into  which  the  nuclei  are  said  to  retreat 
at  the  beginning  of  development.  The  more  recent  state- 
ments of  Kaiskr  also  agree  in  general  with  this  conclusion. 
Since  it  appears  that,  owing  to  improved  methods,  certain 
processes  have  been  more  elaborately  worked  out  by  him, 
and  since  these  are  of  a  most  peculiar  nature,  his  obser- 
vations will  be  considered  here  more  at  length,  although  it 
is  difficult  to  obtain  a  clear  idea  of  the  complicated  processes 
from  his  brief  communication,  unaccompanied  as  it  is  by 
illustrations.^ 

After  the  larva  of  Echinorhynchut  gigcLs  has  attached  itself  to  the 
wall  of  the  intestine,  and  the  middle  part  of  its  body  has  become  greatly 
swollen,  groups  of  cells  are  said  to  detach  themselves  one  after  the  other, 
to  become  surrounded  with  cytoplasm,  and  thus  to  form  the  cells  which 
produce  the  permanent  hooks  of  the  proboscis.  The  groups  of  cells 
move  forward  and  finally  unite  to  form  the  proboscis,  which  at  length 
can  be  everted.  At  about  the  same  time  the  permanent  body-covering 
of  the  worm  is  formed  by  the  detachment  of  nuclei  from  the  entire 
periphery  of  the  "embryonic  nucleus'*  and  their  migration  into  the 
ooter  layer  of  the  body  plasma  (Fig.  114).  Accompanying  an  active 
division  of  the  nuclei,  there  is  soon  formed  a  very  regular  body-epithe- 
limn.  Here  also  the  cnticula  of  the  larva  appears  to  be  cast  off,  just  as 
its  provisional  hooks  are.  The  epithelium  secretes  a  new  cuticula,  and 
beneath  it  a  colourless,  tenacious  product,  the  fibrous  tissue  of  the  so- 
called  subcuticula.  The  muscular  elements  which  are  foimd  in  the  sub- 
cnticula  are  said  to  be  formed  at  the  same  time  from  the  cells  of  the 

*  [A  paper  by  Hamank  (Appendix  to  Literature  on  Acanthocephali)  and 
especially  a  voluminous  work  by  Kaiser  have  furnished  us  with  a  new 
exposition  of  the  development  of  Echinorhynchus.  These  investigations 
elacidate  to  a  great  extent  the  remarkable  developmental  processes,  which 
are  here  only  briefly  touched  upon.  We  refer  to  these  two  works  them- 
selves, since  it  is  not  possible  to  give  in  this  place  the  results  of  these 
extensive  studies. — K.] 


254  KMBBTOLOGT 

body -epithelium.  They  unae  as  *' primitive  mutola-l&hree '*  in  Hhm 
epithelial  cells,  and  pasa  from  thate  into  the  flbroni  tiafoe  of  tho  tab- 
cuticula.  When  thia  prooaaa  ia  completed,  the  body-epitfwliam  da- 
generates  completely  and  diaappaara.  The  formation  of  tha  lamniani 
agrees  with  that  of  the  akm.  The  niudai,  whieh  hava  aepaiatad  fkwa 
the  central  mass  and  moved  to  the  antarior  end  of  the  body,  hora  tonn 
a  circular  swelling  whioh  at  two  diamatriaally  oppoaito  pointa  ia  dnwn 
out  into  slender  prooeaaea,  the  fondamanta  of  the  lamniaei.  In  tliam 
the  formation  of  the  fibrooa  tiaana  takaa  plaoa  joat  aa  in  tha  akin.  Near 
the  anterior  end  of  the  body,  and  immediately  behind  the  lod-lika  pio- 
boscis,  there  also  lies  an  extenaiva  maaa  of  nnolai,  tha  fundament  ol  the 
central  nervous  system,  from  whioh  tha  paripharal  narvaa  aoon  grow  out 
to  the  different  organa. 

The  organs  the  devalopmant  of  iHiieh  haa  thoa  far  bean  daaaribai 
are  said  to  be  of  ectodennal  origin ;  thia,  indeed,  ia  vary  piobabla, 
although  sufficient  groonda  f6r  thia  oondnaion  cannot  aa  yat  ba 
nized  in  KiaHKu^H  deaoription.  Tha  real  body-moaoolatara,  tha 
glands,  and  the  ducto  of  the  genital  ^ypaiatoa  aiiae,  accofding  to 
from  the  entoderm.  Lbucxabt  had  apokan  of  a  meaodarm,  whidi  qilita 
into  an  outer  and  an  inner  layer,  bat  aa  yet  Kaibsb  haa  not  givaa 
attention  to  this  statement.  Again,  it  is  layers  of  nuelei  which  aeparata 
from  the  central  mass  to  give  rise  to  new  structures.  Three  such  layers 
of  nuclei  can  be  recognized,  owing  to  their  somewhat  different  ahi^pe. 
The  two  outer  ones  soon  migrate  to  the  body-wall,  and  here,  after  varioas 
metamorphoses,  supply  the  circular  musculature  and  the  longitudinal 
musculature  of  the  body. 

Behind  the  proboscis,  in  the  neighborhood  of  the  ganglion,  are  found 
nuclei,  arranged  in  definite  order,  concerning  whoee  origin  more  accnrate 
knowledge  would  be  important,  for  out  of  them  arise  the  proboecis-abeath 
and  the  retractors  as  well  as  other  muscles  of  the  proboecis,  therefore 
structures  which  would  be  ascribed  to  the  inner  layer  of  the  meaodenn 
did  such  exist. 

The  fonnation  of  the  genitel  organs  tekes  place  in  quite  a  peculiar 
manner.  Behind  the  proboscis-sheath  a  prismatic  protoplasmic  maaa 
makes  its  appearance,  from  the  edges  of  whioh  arise  four  thin  plates, 
which  di\'ide  the  cavity  of  the  body  into  four  sectors.  By  this  descrip- 
tion one  is  involuntarily  reminded  of  the  mesenteries  which  unite  the 
fundaments  of  the  genitalia  with  the  body- wall,  and  at  the  same  time 
recalls  the  conditions  which,  according  to  Vuiwvbxt,  exist  in  the 
Oordiida>.  In  the  female  the  plates  unite  in  the  dorsal  and  ventral 
sectors  to  form  the  ligament;  in  the  male  the  plates  of  one  aector 
degenerate.  The  germ  glands  themselves  arise  from  the  axial  m«as  of 
plasma.  The  resemblance  of  the  thin  plates  to  mesenteries,  referred  to 
above,  is  increased,  as  far  as  can  be  judged  from  the  brief  statements  of 
Kaikkr,  by  the  two  lateral  sectors  being  filled  with  a  cellular  aiae«: 
Bub8e<iuently,  however,  this  degenerates  and  thus  gives  rise  to  the  body 
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cavity.  If  then,  provided  we  rightly  understand  Kaiber's  statements,  a 
onion  of  two  plates  were  to  take  place  dorsally  and  ventrally,  the  re- 
semblance to  mesenteries  would  indeed  be  strong.  The  plates  could 
certainly  arise  only  from  the  above-mentioned  third  or  inner  layer,  which 
separated  from  the  central  mass  at  the  time  of  the  formation  of  the  body- 
musculature.  The  two  outer  layers  would  then  be  applied  to  the  body- 
wall,  whereas  the  inner  layer  would  perhaps  assume  the  formation  of 
the  internal  organs,  the  proboscis-sheath,  and  the  ligament,  in  some 
such  manner  as  was  described  by  Leuckart.  This  is  the  way  at  least 
in  which  we  should  interpret  the  statements  of  Kaiser  in  the  absence  of 
his  more  detailed  descriptions. 

In  regard  to  the  origin  of  the  genital  organs,  especially  the  extensive 
conducting  apparatus,  we  refer  to  Kaiser's  communication,  or,  better  still, 
to  the  awaited  complete  work,  for  it  cannot  be  determined  from  the 
former  what  is  the  real  origin  of  those  elements  which  constitute  the 
genital  apparatus. 

The  Echinorhynchus,  which  even  in  the  body  of  the  inter- 
mediate host  attains  in  general  the  form  of  the  adult  worm, 
becomes  capable  of  reproduction  only  when  the  animal 
harboring  it  is  consumed  by  another  which  is  adapted 
to  serving  it  as  permanent  host,  thus,  for  example,  the 
Oammarus  by  a  fresh- water  iish  or  a  duck,  if  the  species  be 
Echinorhynchus  polymorphus. 
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CHAPTER  IX. 

ROTATORIA. 

The  Rotatoria  are  peculiar  in  regard  to  their  reproduction. 
Three  different  kinds  of  egge  occur  among  them:  in  the 
first  place,  thin-ehelled  aummei-  eggs,  which  develop  par- 
thenogeneticallj  into  females;  then  eggs  pimilar  to  these, 
but  of  only  half  the  size,  from  which  arise  the  simply 
oi^nized  males;  and  finally  thick -she  lied  winter  eggs  or 
resting  eggs,  which,  as  it  appears,  require  to  be  fertilized. 
The  eggs  are  either  deposited  free  in  the  water  or  cemented 
to  the  body  of  the  female.  The  development  of  the  thin- 
shelled  eggs  takes  place  in  many  forms  even  in  the  body 
of  the  mother;  that  of  the  restiug  eggs  occui-s  only  a  long 
time  after  laying. 

The  expulsion  of  the  polar  globules  precedes  cleavage. 
The  partbenogenetically  developing  eggs,  according  to 
Weismann  und  IijCHihAWA,  produce  only  one  polar  globule. 
Little  in  yet  known  concerning  the  developraent  of  the 
Rotatoria.  The  chief  descriptions  are  from  Salenskt,  Jolict, 
and  Tessin;  they  present,  however,  many  gaps.  In  onr 
presentation  of  the  subject  we  follow  principally  Tsssm's 
■work,  which  is  occnpied  chiefly  with  the  development  of 
ISmphora  diifilala. 

Cleavage  is  trom  the  beginning  unequal  (Tk^si.v,  Joliet). 
In  the  stage  of  four  blastomeres  one  large  and  thi-ee  small 
cells  can  be  distinguished  (Fig.  115  A).  At  the  time  when 
the  latter  divide  into  six,  the  abstrictiou  of  a  new  portion 
from  the  large  blastoniere  takes  place,  and  when  those  c^lls 
which  subsequently  supply  the  mesoderm  are  differentiated 
from  the  cells  at  first  produced,  a  division  of  the  large 
blastomcre  is  still  in  progress  (Fig.  115  £).  That  part  of 
it  which  is  now  left  as  a  rather  extensive  remnant  represents 


the  fandament  of  the  entoderm,  for  it  is  Hnbseqnently  over- 
grown by  the  other  cells,  Theamall  blastomeres,  wbich  now 
divide  repeatedly,  are,  however,  to  be  considered  as  ectoderm 
and  mesoderm. 

PBiiiealarly  striking  is  the  atatempnt  that  Ihe  meaodiMTii  (in  the  form 
of  Uur«e  dtrk,  gruiiilar  cells)  arises  b;  diYiaioD  oF  the  etaa-li  blastomeres 
lh*t  were  Brat  to  aiipear,  and  that  it  stIU  remains  onited  tn  (he  ecloderm, 
whereai  even  after  iU  diftereDtialion  ectodermal  elementa  continue  to  be 
wpamled  oS  from  the  large  blastomeieB.  According  to  0.  ZtcBiuiitB, 
hoirever,  the  mesoderm  is  supplied  directly  b;  the  larj^  blastomere, 
which  on  the  whole  oorreeponda  more  to  the  ordinary  mode  of  formalion 
of  the  mewderm.  but 
Im,   0.1.  il   i.  i™,,         R  „— ^         B  , 

appcAI  Ut  be  well 
Mtahliahed  in  the  cnse 
under  considetBlion. 
The  conditions  of  For- 
matioD  of  the  meso- 
derm hitherto  known 
do  not  allow  a  com- 
pariton  with  the 
DclidK.  ae  one  won] 
perhapa  eiqiect  from 
the  relatlonehips  of 
the  Biiialorla  to  these 

The  three  meso- 
derm cells  lie  at  t!i<; 
snbseqaentlydorfial 
Hide  of  the  embryo 
(Fig.USC).  With 
the  progressive 
dirision  of  the 
pctoderm  cells  and 


the 


'g       whi, 


Dtilii piled,    r. 


CI rcnmcrescence     ret-irniwi.   iti.bimtoporBi  ei.kIoi 

of  the  large  bl&sto-      ^'"^ ''  ""'  ™"™''™- 

mere  by  these,  the  mesoderm  cells  are  pushed  farther  forward 

(VxK-  USD).     Meanwhile  their  number  has  doubled,     Even 

before  the  formation  of  the  epibolic  gostrula  is  completed 

the  enclosed  entoderm  cell  has  divided.     As  the  result  of 
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the  forward  growth  of  the  eetoderm,  the  ai€Md«roi  odit 
are  now  forced  inward,  and  the  inTaginatkm  d  eetoderm 
cells,  which  snoceede  it  (Fig.  115  D,  S)^  anbeeqnently  pio> 
daces  the  trochal  apparatna  and  the  oMophagna. 

The  oater  form  of  the  embryo  ia  now  changed  in  aneh  a 
way  that  an  anterior,  posterior,  and  two  lateral  protnberanoea 
can  be  distingaished  (Salshbkt,  Taesiir).  On  the  anrlaee 
which  bears  the  blaatopore^  these  regions  of  the  body  are 
seen  to  be  separated  from  one  another  by  shallow  groores 
(Fig.  115  F),  The  posterior  eleTmtion  bends  forward,  and 
growing  farther  in  Uie  same  direction,  forms  the  foot  (or 
caadal  appendage)  of  the  Rotifer. 


TsasiN  8«!jBk8  to  refer  the  sntetior  and  Istoiml  slefStioaB  (aqplialio  and 
lateral  lobes)  to  the  lobnUr  prooeiies  of  the  TsrMtorM,  espsnislly  to 
ihoee  of  the  larva  of  Styloekui,  Inasmiioh  as  the  Bolstofia  do  not  pass 
through  any  real  larval  stage,  the  lobular  proeeaaai  would  hate  baeome 
mdimentary.  In  the  further  course  of  development  the  eephalie  and 
lateral  processes  are  again  smoothed  out,  and  can  no  kmgar  be  reoog- 
nized  as  special  structures. 

Gonoeming  the  origin  of  the  inner  organs  even  Tcsani  ean  give  little 
definite  information.  We  have  already  mentioned  that  he  derives  the 
troohal  organ  and  the  most  anterior  part  of  the  intestinal  canal  from  an 
ectodermal  invagination.  On  the  other  hand,  he  combats  the  disooveriea 
of  Sauinsxt,  for  he  derives  the  masticating  stomach  (pharyna),  whidi 
is  provided  with  Jaws,  from  the  entoderm ;  Salenskt  maintains  that  thia 
part  is  of  ectodermal  origin.  According  to  Tasant,  hj  far  the  laigest 
part  of  the  intestine  (together  with  the  appended  glands)  arises  from  the 
entoderm,  for  the  latter  extends  far  backwards ;  it  is  said  even  to  send  a 
process  into  the  oaudal  appendage.  The  hind-gut  arises  by  means  of  an 
invagination  of  the  ectoderm  (Salbnskt,  Jolut). 

The  further  fate  of  the  mesodermal  fundament  remained  obacnre  to 
Tessin.  The  statements  regarding  the  origin  of  the  nervoos  system  and 
the  genital  organs  are  of  too  doubtful  a  nature  for  us  to  oooaidflr  them. 
Nothing  is  as  yet  known  concerning  the  formation  of  the  axcretory 
organs. 


The  development  of  the  male  of  Brachianug  urceolaris^ 
which,  as  is  known,  is  very  simply  constmcted,  takes  place, 
according  to  Salenskt,  in  the  same  way  as  that  of  the 
female.     The  degenerative  processes  which  characterise  the 
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incomplete  form  of  the  male  begin  onlj  after  the  trochal 
organ  and  the  foot  have  been  formed.^ 

General    Considerations. 

The  development  of  the  Rotatoria  gives  ns  as  yet  no 
information  as  to  their  doabtfal  position  in  the  system. 
Saoh  forms  as  that  of  Trochosphcera  oBquatorialts  (Fig. 
116),  foand  by  Semper  in  the  Philippines,  point  with 
almost    imperative  force  to  relationships    with  the    Tro- 


Fto.  116. — Tn>e\09pkfBra  tamatorialiM  (after  Simpib).  C«,  oloaoa ;  Dr,  appendi- 
enlar  glands  of  the  fore.gut ;  Bat,  dact  of  the  excretory  organs ;  G,  brain ;  Q«, 
female  sexual  orsrans  with  dact ;  Jf,  mouth  ;  Jfu,  musculature ;  N,  nerre  that 
emerges  from  the  brain ;  8,  cssophagua ;  St,  sense  organ ;  W^  preoral,  W,,,  post-oral , 
ciliated  band. 

chophore  larva  of  the  Annelida  (comp.  p.  266).  Like  the 
latter,  Trochosphcera  possesses  a  complete  preoral  circle  of 
cilia  and  an  indication  of  a  post-oral  one.  Both  of  these 
are  also  to  be  recognized  in  the  trochal  organ  of  other 
Rotatoria,  the  form  of  which  is  different  from  that  of  the 
Trochophore.  The  course  of  the  intestine  is  similar  to  that 
of  the  annelid  Trochophore.  The  structure  of  the  excretory 
system  also  argues  for  a  relationship  with  the  Trochophore- 
like  forms.  The  excretory  canals  of  the  Boiatorta  begin 
-with  blind  ciliated  funnels  in  the  body  cavity,  and  the  same 

>  [Our  knowledge  of  the  development  of  the  Rotatoria  has  recently 
been  much  enlarged  by  the  thorough  investigation  of  Zelinka,  to  which 
the  reader  is  referred  (see  Appendix  to  Literature  on  Rotatoria). — K.] 
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IB  said  to  be  the  case  in  the  Trochnphore.  In  the  Rat4tori« 
there  are  two  tmnks  to  the  ezcretor;  srstem,  nhich  in  th« 
Qafttrolrieha,  which  are  related  to  the  Holatoria,  open  to  th« 
exterior  by  means  of  two  ventral  opentn^rs  (Zelinea,  No. 
12),  so  that  this  organ  thna  acquires  still  grefttvr  rva«m- 
blance  to  the  so-called  head  kidney,  the  excretory  syatein  of 
the  Trochijphore,  fur  the  two  head  kidneys  also  open  directly 
and  separately  from  each  other  to  I  he  exterior  (conip.  p.  266) 
The  agreement  of  the  Rolaluria  with  the  Trochnphore  w«« 
especially  advocated  by  Hatechek  (No.  1),  with  whom 
recent  investigators  of  the  Rotatoria,  snch  as  Plats  ftnd 
Zeli»ka,  in  the  main  agree  (Nob.  3,  4,  II,  I'i). 

Tebsin  conlends  agKinat  the  reUtionship  of  tfaa  Kotttoria  to  th«  An- 
oelidft  or  their  SDcealrtl  form,  which  we  have  brieS]'  indicated  aiiofm, 
becaiue,  owing  to  the  origin  of  the  troabal  organ  from  Ibc  ■liliaml—l 
invsginatioa  and  the  poiilion  of  the  brain  oataide  of  the  araa  jnnlnitoi 
within  the  troohal  organ,  a  oompariion  el  the  trochal  organ  with  Ibt 
ciliated  rings  ol  the  Trochophore  lam  doei  not  seem  to  him  admlaalhle. 
Tassn  seeks  rather  relallonahips  to  the  Turbellaria.  being  inftueneed  bir 
the  lobnlar  stnictareB  of  the  embryo.  Hit  compariaon  ot  tbt  oandaJ 
appendage  o(  the  Hotaloria  with  the  paet-abdomen  of  the  rnntai  m. 
which  be  gupports  with  the  fact  that  a  prooeu  of  the  entoderm  ii  tmU  lo 
extend  into  the  tail,  seenia  weak.  This  perhaps  jndioalea  that  Un 
BolHloria  have  a  tendenc;  lo  increase  in  leogth.  We  woald  ban  noatl 
tfas  growing  out  ol  the  Trochophore  into  the  worm,  BelatioiuliqM  o( 
the  Botatoria  to  the  Aithropodn  have  >Ik>  been  tonnil  in  Utna*  aneh  aa 
Hfxar'hra  j/olyptera,  to  whiob  attention  has  recently  been  oallad  by  Puis 
(No.  4).  This  remarkable  Rotifer,  diioovered  bj  SoMAani.  pooMMB  on 
the  ventral  aide  three  pairs  of  movable  setOBe  appendage*,  which  a»  Uk« 
extremitieg,  and  give  to  it  almost  the  appeaiaiifle  of  a  Xaa^a*.  In  Ti>w 
ot  the  oloae  relationahipi  of  the  Botatoria  lo  the  Trotkopkart,  ooa  will 
certainly  not  think  ot  a  descent  of  the  Rotatoria  from  the  A-lhrofmAt, 
Mpeciallf  from  the  Cnutaua:  it  is.  Iiowerrr.  intenating  to  •««  bow 
Troc  hop  A  ore-like  beings  can  vary  in  the  direction  ol  the  Arlkrofoi  tffn, 
even  if  it  be  only  in  their  outward  shape. 

Still  less  juBtifiable  than  a  comparition  ot  Ihe  caudal  appandac*  |t«M) 
ot  the  Botatoria  with  the  abdomen  o(  the  Crustacea  i>  *u 
with  the  foot  of  the  Uollusoa.  which  has  been  atlempUil  bf  i 
writers,  who  have  based  their  conclasions  prin(<ipally  opon  the  iuMJiinM 
of  both  organs  between  the  month  and  anas,  which  is  pattieolari;  vail 
expressed  in  embtyoi  and  larvs. 
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CHAPTER  X. 


l.-CH«TOPODA   AND  ARCHIANNELIDA. 

The  two  chief  divisiona  of  the  Chmtopmla  are  aalike  a«  re- 
gards development,  this  being  in  the  Polycheeta  frenerally 
indirect,  and  involving  a  free-sv^imming  larval  atage,  where- 
as in  the  Oligoch«<la  it  is  considerably  abbreviated,  and 
free -swimming  larvieare  absent.  The  Archianttelid  i  are  like 
the  Foljchceta. 

1.    Development  through  Free-swimming  Larvaa 

{Foli/chxla  and  Arehiaiineliila). 
In  general  the  Polychteta  develop  from  free-swimming 
larvffi  which  are  provided  with  ciliated  bands.  Only  a  few 
forms  bring  forth  living  young.  Such  is  the  case  in  Eunice 
eanguifiea,  Syllii  vivipara,  and  in  a  Cirralutat  in  which  the 
eggs  develop  either  in  the  body  cavity  or  in  the  cavity  of  a 
segmental  organ  which  has  become  a  aterns.  A  kind  of 
brooding  also  occnra  in  muny  forms,  as,  for  example,  in  Auto- 
lytat  eomutus,  an  eitenaive  Hue,  in  which  the  eggB  are 
developed,  being  formed  on  the  ventral  sarface  by  the  dis- 
tension of  the  skin  of  the  body.  In  Polytme  nrrata,  the  eggs, 
which  are  stuck  together  in  a  single  mass,  are  carried  on  the 
dorsal  surface  under  the  dorsal  scales.  Similar  to  this  is 
Orubea  limbaia,  in  the  females  of  which  at  the  time  of  sexaal 
maturity  the  entire  back  is  thickly  covered  with  eggs,  while 
Exogone  gemmifera  and  SphierosyllU pyrifera  cany  their  eggs 
on  the  ventral  side,  namely  on  the  ventral  cirri  (Viguiee, 
No.  46).  In  Spirorbi*  Pagenslecheri  the  tentacle  which  beara 
the  operculum  of  the  tube  is  enlarged,  and  thus  series  as  a 
,  brood-chamber ;  in  Spirarifi*  spirillum,  on  the  contrary,  the 


ANMBLIDA  263 

egg9  are  deposited  inside  the  tube,  and  are  found  here  be- 
tween it  and  the  bodj-wall.  Similar  to  this  is  the  brooding 
in  the  genus  CapiteUa^  in  which  one  finds  the  egg^  firml  j 
attached  like  a  mosaic,  on  the  inner  surface  of  the  tube. 
Other  tnbicnlons  worms  attach  their  eggs  to  their  habitations 
on  the  outside ;  thus  in  Sabella  lueullarta  the  eggs,  which  are 
enveloped  in  a  slimy  mass,  form  a  thick  ring  around  the  tube 
of.  the  parent.  Manj  Po]jch»ta  deposit  their  spawn  in  the 
form  of  large  gelatinous  packets  or  clumps  ( Jrtcta,  Psygmo- 
branchus) ;  others  discharge  the  eggs  into  the  sea- water 
without  any  other  protection  than  the  egg-membrane 
(Eupomaiui,  Pomatocero$  et  al,,  likewise  Polygorditu),  In 
such  forms  artificial  fertilization  can  be  employed  with 
success. 

Cleavage  is  unequal,  but  in  some  forms  may  approach  very 
near  to  the  equal  type  {Pomatoceros  according  to  v.  Dbaschb). 
In  the  latter  case  it  produces  a  (ueloblastula,  the  entodermic 
part  of  which  can  be  distinguished  by  the  greater  thickness 
(^Sabellaruiy  Arioia)^  or  an  epibolic  gastrula  is  formed  {Nereis^ 
Psygmobranchtu),  The  Polychaeta,  which  have  been  studied 
with  this  object  in  view  by  Hatschek,  Goette,  v.  Drasche, 
Salenskt,  and  other  investigators,  offer  all  transitions  between 
the  different  types  of  cleavage,  and  correspondingly  the  form 
of  the  gastrula  also  varies  from  a  typical  invagination  to  an 
epibolic  gastrula.  In  Terebella  Meckelii,  for  instance,  we  find 
a  blastnla  with  the  wall  thickened  on  one  side,  the  cavity  of 
which  soon  becomes  filled  by  the  intruding  macromeres,  so 
that  we  now  have  before  us  a  so-called  sterrogastrnla  (Salen- 
skt).  [Wilson  (Appendix  to  Literature  on  Annelida,  No. 
XXVII.)  has  recently  given  a  very  detailed  account  of  the 
early  stages  of  development  in  Nereis^  especially  of  the  cleav- 
age, in  which  the  fate  of  the  individual  cells  is  established 
with  great  precision. — E.] 

As  an  example  of  the  embryonic  development  of  a  Poly- 
ch»te,  we  select  that  of  Eupomatua  (according  to  Hatschek). 
The  spherical  egg  is  divided  by.  means  of  the  first  two  meri- 
dional planes  and  succeeding  equatorial  plane  of  division 
into  eight  blastomeres  of  almost  equal  size.  Soon,  however, 
the  divisions  at  the  animal  pole  take  place  more  rapidly  than 
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at  ttie  veget&tiYB  poI«,  and  thna  th»  blMtomarM  at  tlra  laUer 
ramain  more  Tolnmiitoiu.  In  the  raanlting  blaatula,  tbo  ealla 
from  which  the  three  genu-lajen  ari§e  ara  alraadj  differen- 
tiated (Fig.  117  A).  The  upper  hemuphere,  eompoaad  at 
smaller  cells,  fjivee  riae  to  the  aotoderm,  and  tbo  greater 
part  of  the  lower  to  the  entoderm ;  howerar,  two  cella  her* 
are  diBtingoiahed  at  an  earlj  period  from  the  other*  hj 
aeeaminga  more  spherical  shape sthejprodaoe  then 
and  are  called  bjHiTBCBBK  the  primitire  i 
[mesodermal  teloblaata  (Fig.  117)].  The  regiui  wbara  they 
lie  oorresponda  to  the  anal  end  of  tiie  larva.  Eren  aa  earlj 
as  this  athgo  a  delicate  equatorial  eirolo  of  cilia  makea  iU 
appearance,  the  fntnra  praoral  oilialod  bMid  of  the  larta. 


Soon  afterwards  the  tnft  of  cilia  at  tiie  apex  of  the  larr  ^ 
makes   its   appearance  (Fig.   117  B).     The   cilia   perforaC^" 
the  egg-membrane,  which  therefore  most  probablj  oonaist  * 
of  a  soft  mass. 

The  tubieqnent  bshavionr  of  theogB'mtmbnn*  ii «(  a  peculiar  Baton 
for,  aeooiding  to  lb*  oononrTent  italamanta  ot  Taiiom  aDthort,  it  ii  pto- 
Tui«D«ll7  retained,  inoraawi  in  extent  with  the  growth  ol  the  larra,  sad 
io  thiu  formed  into  a  euticoU-Uke  eoTslope  (Hatkbu,  No.  90),  «hi^ 
bowevei,  ii  replaced  later  bj  the  penneneDl  oaticala  trom  the  ectodara. 
Thai  here  the  embrjo  ia  converted  direotl;  into  tbe  larra. 


The  entodermio  part  of  the  blaatala  n 


invaginatca.     A.I 
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the  same  time  the  two  primitive  mesoderm  cells  have  moved 
into  the  inside,  having  detached  themselvee  from  their  con- 
nection nitb  the  other  cells.  In  the  lateral  aspects  seen  in 
Fig.  117  J  and  £,  only  one  of  the  two  cells  can  be  recc^ized. 
It  flbonld  be  mentioned  here  that  later  they  divide  (Fig. 
118).  The  two  primitive  cells  still  oontinne  to  be  dis- 
tingniahed  from  the  newly  formed  ones  by  their  greater  size. 
Hatbchrc  calls  them  the  two  poU  cells  of  the  mesoderm. 
They  lie  at  the  ends  of  the  two  mesodermal  baitds  formed 
by  cell-proliferation.     la  the   farther  development  of  the 


larva  the  intestine  bends  toward  the  anal  side,  in  order 
to  fnse  in  later  stages  of  development  with  the  originally 
slight  depression  of  the  ectoderm,  which  produces  the  hind- 
gat  and  anns  (Fig.  118).  Some  time  before  the  completion 
of  this  process,  the  blastopore  had  become  considerably 
narrowed.  It  assumed  the  form  of  a  fissnre  which  closed 
(from  behind  forwards)  and  left  only  a  small  opening  re- 
maining in  front.     At  the  place  of  this  last  trace  of  the 
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blutopore,  the  ectodcmi  beeomM  inngiiuUd,  tad  brau  tbt 
cesoph«{piB.  ThiB  u  followsd  bj  an  anUrgamant,  tha  att^ 
maoh  of  the  Iftrva,  and  tliia  in  torn  bj  tha  iBuIl-gnl  and  th* 
hind-gat  (Fig.  118  J3). 

The  fonaktion  ol  tha  IntetiBa  lihM  plaaa  !•■  ilaqily  in  Oa  «aMa 
when  the  gwtruUtioi)  it  aptbalie  and  tba  iBtoJirai  at  fail  aauMa  ol  a 
oompmct  nuaa  of  oelli.  Tha  iiilMliinl  wall  U  lady  |hi1im1Ij  %atmmk, 
det«ch«B  lUelf  from  the  Motnl  yolk-nuM,  and  flnaUr  anitai  at  tba  loaa- 
■nd  hind-gute  with  tha  totodMiB  (Mmp.  Iha  Bpma  IM  'A  and  B,  p.  980^ 
of  PisrpmoAnineAuf). 

Trochophore. — Evan  daring  gMtrnlation  tha  anbiToa 
rose,  with  the  aid  of  their  ribratile  apparatoa,  (rom  the 
bottom,  and  betook  themaelTea  to  the  anrfaoe  of  the  mttar. 
Tof^ther  with  the  internal  changea  deaoribed,  alteratioM 
hare  aleo  taken  place  on  the  outer  bodj,  the  npper  pcwtiaB 
of  which  has  become  bell-ahaped,  while  the  nnder^portion 
tapera  more  oonioallf  (Figa. 
118  Band  119).  The  band  of 
cilia  which  lies  in  front  of  the 
month  eztenda  aroand  the 
longeflt  periphery.  Theiebjr  la 
reached  the  larval  atage,  de- 
signated bj  Bat  LLaiitTBa  aa 
the  3'rodbMjAeiv,  bnt  now  with 
Hatschek  more  ftenerallj  known 
as  the  TrocAophorw.  In  addition 
to  the  organs  already  mentioned 
— ciliated  band,  intestinal  tmct, 
and  mesodermal  bands  —  alill 
others  can  be  seen  in  the  2Vo- 
diitphore.  An  ectodermal  thickening  at  the  npper  pole, 
which  bears  the  tnft  of  cilia,  if  such  be  preaent,  ia  de- 
signated as  the  apical  plate;  it  repreeenta  the  fnndninent 
of  the  anper-oBsophageal  ganglion  (Figa.  118  .J  and  119). 
The  cells  of  the  preoral  cilialtd  boHd  also  form  a  aimilnr 
thickening.  These  may  consist  of  several  anooeaaiTe  citvlea 
of  cells,  and  between  or  nnderneath  them  ia  placed  ■  ring 
of  fine  nerve  fibres,  which  is  connected  with  gmnglioaic  cella, 
and  ia  considered  hj  ita  diacoverer,  Kliiiubiio,  ••  the 
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central  nervoas  system  of  the  larva.  At  the  base  of  the 
ciliated  cells  there  also  lies,  according  to  Kleinknbero,  a 
ring  of  moscle  cells,  which,  like  the  ciliated  band  itself,  is 
made  ose  of  by  the  larva  in  locomotion.  In  addition,  varioas 
other  mnscle  strands  traverse  the  inside  of  the  body  ;  thos 
some  extend  from  the  apical  plate  to  the  stomach,  others  are 
found  in  the  lower  part  of  the  body,  and  one  sarronnds  the 
intestine  at  the  point  where  the  stomach  and  oesophagns 
unite  (Fig.  118  B).  These  muscle  cells  have  become  de- 
tached from  the  mesodermal  bands  (Hatschek).  From  the 
latter  also  arises  the  so-called  head  kidney^  the  paired  excre- 
tory organ ;  it  is  formed  from  a  few  cells  situated  near  the 
pole  cells,  which  increase  greatly  in  length  and  become 
hollow.  The  head  kidney  then  extends  from  the  pole  cells, 
that  is,  from  the  vicinity  of  the  anus,  as  far  as  the  oesophagns 
(Fig.  118  2?,  kn).  It  consists  of  a  ciliated  canal,  which 
may  branch  (as,  e.g.^  in  Folygordius),  and  of  one  or  more 
fannel-shaped  terminations  (Figs.  119  nph  and  120  B,  kn). 
These  do  not  open  freely  into  the  bla^tocoele,  but  are  said  to 
end  blindly  (Fbaipont),  and  in  this  regard  therefore  re- 
semble more  the  excretory  system  of  the  Flatyhelminthes  and 
Rotatoria.  The  spot  whei*e  each  of  the  two  head  kidneys 
opens  to  the  exterior  can  be  seen  from  the  figures  120  il 
and  B. 

Of  the  ectodermal  structures  of  the  larva  there  should 
still  be  mentioned  as  important,  in  the  first  place,  the  eye^ 
9pot^  consisting  of  an  accumulation  of  pigment,  which  in  the 
larva  of  EupomtUus  is  located  in  a  cell  of  the  apical  region, 
but  asymetrically  on  the  right  side  (Fig.  118  B,  oc).  The 
two  ectodermal  vesicles  which  arise  symmetrically  on  the 
posterior  portion  of  the  body,  each  from  one  ectoderm  cell, 
also  constitute  sensory  organs  (Hatschek).  They  are  pro- 
vided with  fine  stilE  hairs,  which  project  into  their  lumina  ; 
highly  refractive  ooncrements  are  also  foond  inside  of  them. 
Thus  they  are  to  be  recognized  as  otolith  vesicles  (Fig.  118 
J9,  0^).  The  large  sac  which  in  Fig.  118  B  is  seen  lying  at 
the  posterior  end  of  the  larva  arises  by  the  enlargement  of  an 
ectodermal  cell.  This  anal  vesicle  appears  to  have  no  im- 
portant significance.     In   Eupomatus  is  developed  another 
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(perianal)  circle  of  cilia,  which  ia  sitnftted  on  the  [XMterior 
portion  of  the  bodf  (Pif>.  118  iJ)  ;  thia  is  liwkin^  in  niuij 
other  Annelids.  Furthermore  there  is  added  on  the  Tvotr*! 
side  a  ciliated  area  extending  from  the  moath  backward, 
the  adoral  ciliated  none  {Viga.  118  if  and  12S  A.  p.  280). 

The  metamorphosis  of  ihe  Trochophore  larva  into 
the  adult  worm  will  be  followed  in  Polyg<rrdiut.  a  fonn  in 
which  it  takes  place  in  a  paiticularly  clear  manner.  Th« 
PolygordioB  larva  waa  first  diBcovered  by  Lot£n,  and  held 
to  be  that  of  a  chaitiferons  worm.  AsT.  Schneidkb  showed 
that  hovts's  larva  belonged  to  I'ohjgordiiu.  It  has  the  form 
of  a  typical  Trochophore  (Fig.  119),  The  ciliat*  apparatne, 
which  encircles  the  larva  at  its  greatest  diameter,  is  com- 
posed of  two  rings,  one  in  front  and  one  behind  the  inoQtli. 
The  preoral  ring  consists  of  a  doable,  the  post-oral  of  a  single, 
row  of  cilia.  A  third  ring,  the  perianal  ciliated  band,  make* 
its  appearance  et  the  posterior  end  of  the  Inrca  (Fig.  120  B), 
bnt  it  is  not  formed  until  the  later  stages  of  development. 
The  development  of  the  Trothn^hvre  into  the  perfect  worm, 
which  has  been  thoroogbly  studied  by  Hatscbee,  conaisla  first 
of  all  in  a  growing  out  of  the  posterior  section  of  itt  bodf 
and  a  gradual  redaction  of  the  anterior  part. 

At  Bret  a  segmentation  of  the  larva  is  noticeable  (Fi^.  130 
A),  which  depends  upon  a  marked  change  in  the  two  meso- 
dermal hands.  These,  which  at  tirst  consisted  of  only  k  few 
cellf),  have  become  by  aotive  cell-proliferatiou  mnch  inot« 
volominouB.  Kaob  of  them  is  se]iarHted  into  two  cell-laypta 
(Fig.  133  ^  to  C,  p.  2110),  and  spreads  out  toward  the  venml 
and  dorsal  lines.  Then  a  segmentation  makes  ite  app«mr- 
ance  in  them,  proceeding  from  in  front  t>ackwards  (Fig.  120 
A),  and  at  the  same  time  the  two  layers  of  the  bands  svpft- 
rate  from  each  other  by  the  formation  of  a  cavity  in  ntch 
segment.  In  this  way  the  primitive  segments  ariMe,  tba 
onter  and  inner  walls  of  which  become  in  each  segmont  of 
the  worm  the  somatic  and  splanchnic  layers  of  the  me«odenn, 
and  the  wallit,  abutting  on  one  another,  form  the  sttgraental 
boundaries  (diasepimente)  of  the  body  of  the  worm.'     Sinca 

'  A  more  detailed  demriptian  at  thefe  conditioni  will  b*  lonnd  in  Um 
dJMDMioo  of  tha  torniation  ol  the  bodj  oavilj  (oomp.  p.  389). 
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6  eacli  segment  of  the  body  &  pair  of  primitive  Begmenta  be- 
longs, these  meet  in  the  middle  line  of  the  ventral  and  dorsal 
BQrfacen,  and  form  there  a  ventral  and  doraal  mesentery 
(Fig.  133  C.  p.  290).  In  the  fif^ures  120  A  and  B  (lateral 
views  of  the  larva)  the  primitive  Begments  can  already  be 
recngni/ed  in  the  form  of  an  internal  segmentation  of  the 
larva.  The  moflt  anterior  primitive  segments  ore  the  olde.st, 
the  posterior  ones  yonnger.  The  body  is  seen  to  be  already 
considei^bly  grown  ont  backwards,  although  the  head  por- 
tion has  not  yet  diminished  in  circumference.  Two  ciliated 
tentacles,  which  are 
Btill  very  small,  now 
make  their  appear- 
ance on  the  apical 
pUte  (Fig.  120  B). 
The  originally  nac- 
lilce  mid-gat  has 
grown  in  lenglh 
with  the  body,  and 
is  now  cylindrical  in 
shape.  Very  near 
the  pofiterior  end  of 
the  body,  a  short 
distance  in  front  of 
the  anns,  is  the  pos- 
terior ciliated  band 
(Fig.  120  B). 

While  the  pos- 
terior part  of  the 
body  of  the  larva  is 
gradually  passing 
from  the  earlier  conical  into  the  cylindrical  form,  the  head 
portion  attains  its  greatest  volume,  but  thereafter  soon 
diminishes.  The  melamorphoais  of  the  voluminous  cephalic 
vesicle  info  the  slender  cephalic  process  of  the  worm  is 
effected  by  the  ibickening  and  conical  outgrowth  of  the 
npical  plate  (Fig,  121  A),  and  by  the  contraction  of  the  wall 
of  the  head  generally.  The  previously  flat  cells  become 
considerably  thickened,  whereby  the   circumference  of  the 
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entire  head  is  diminished,  until  it  ia  not  mnch  larger  thuD 
the  trunk.  The  apical  pla-te  has  grown  ont  forward  in  the 
form  of  a  cone.  The  eyes  are  more  ccnapicnons  than  in 
the  larva.  In  the  trunk  the  primitive  segments  have  in- 
creased in  nnmber,  and  made  the 
segmentation  of  the  body  still  more 
distinct,  since  they  have  enlarged 
more  and  have  applied  IhemKelves 
more  closely  to  the  intestinal  and 
body-walls.  At  the  posterior  part 
oF  the  trunk  they  are  lees  clearljr 
expressed.  These  changes  are 
mach  more  evident  in  the  last 
stage  of  development  (Fig.  121  B), 
wliich  we  iatrodnce  for  comparison. 
There  the  segmental  conatrictionn 
of  the  intestine  cause  the  metame- 
rism to  be  still  more  distinct.  The 
cephalic  vesicle  and  the  vibnitilo 
iipparatas  hare  already  entirely 
ilisnppeared  in  this  stage;  and  we 
liiive  now  before  as  in  its  chiuf 
features  the  adnlt  worm,  although 
it  has  not  yet  reached  its  complete 
development.  The  worm  gives  up 
the  larval  mode  of  life,  that  of 
flriating  upright  in  the  water,  and 
adapts  it.self  to  locomotion  by 
ci-eeping.  The  papillce,  which 
make  their  appearance  in  front  of 
tlie  posterior  band  of  cilia,  which 
has  now  disappeared  (Fig.  121). 
serve  the  worm  for  the  parpose  of 
attachment. 

The  Different  Larval  Forms. 

— Polygordiui  waa  selected    aa  an 

example  because  it  shows  in  a  par- 

the  transition  of  the  larva  into 

however,  the  ordinary  condition 


ticularly  instructive 
the  worm.    It  does  not 
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of  the  Trochophore  larva,  for  the  anterior  bell-shaped  part  in 
the  majoritj  of  cases  is  not  retained  unaltered  for  so  long 
a  time.  Generally  also  it  does  not  surpass  the  trunk  so 
considerablj  in  size,  and  it  soon  comes  to  be  even  smaller 
than  the  tronk,  Sini^e  in  many  forms  the  typical  shape  of 
the  Trochophore  is  not  bo  sti-ongiy  expressed,  and,  on  the 
other  hand,  the  segmentafior  of  the  body  of  the  worm  makes 
its  appearance  at  an  early  stage,  many  deviations  from  the 
shape  of  the  Trochophore  are  realized.  The  larvK  of 
Annelids  are  very  variously  shaped,  for  some  of  them,  owinK 
to  the  early  appearance  of  the  se lamentation,  are  found  in 
phylogenetically  younger  stages  than  the  Trocknphore,  and 
others,  although  they  stand  at  the  same  level  with  it, 
may  be  modiiied  by  the  occurrence  of  various  kinds  of 
locomotor  organs  and  by  other  external  changes  in  form. 
The  principal  difference  in  the  larvie  consists  in  the  presence 
or  absence  of  segmentation  oE  the  entire  larva,  not  includ- 
ing that  of  the  trunk  part,  which  is  acquired  only  daring 
the  metamorphosis.  To  be  sure,  this  difference  should  not 
be  oven-atcd,  for  the  segmented  forms  likewise  must  pass 
ontogenetically  through  an  unsegmented  stage.  The  Annelid 
larvffl  have  uxually  been  distinguished  according  to  the  dis- 
tribution of  their  cilia  :  as  Atroahm  when  a  ciliated  band  is 
lacking  ;  Monolmcliae  with  a  preoral  band  of  cilia,  to  which, 
as  in  the  Telott'ochre,  thei-e  may  be  added  a  post-oral  band 
lying  directly  behind  the  mouth  ;  Telolrochm  with  an  anterior 
and  posterior  (perianal)  band  of  cilia ;  iletotrochte,  in  which 
the  ciliated  band  ia  situated  in  the  middle  of  the  body  ;  and, 
finally,  PoJytrtichfE,  which  posHess  a  greater  or  smaller  num- 
ber of  cilial«d  bands,  and  as  a  result  of  this  exhibit  at  an 
early  stage  a  segmentation  of  the  body.  The  ciliated  bands 
o(  till)  Pulytrachm  may  form  either  chwed  rings,  or  only  halt- 
rings.  In  the  latter  case,  according  to  their  position  on  the 
dorsal  or  ventral  surface,  Nololrochse  and  Oastrotroelife  are 
in  tarn  distinguished.  They  are  called  Amphitrochm  when 
ventral  and  dorsal  half-rings  alternate  with  one  another. 
This  ciniisilication  has  been  made  use  of  by  different  investi- 
gfttors  for  distinguishing  the  tarvK.  However,  Ci.AP*»ii)B 
and  MtTaciiNiKori'  themselves,  tt»  whom  we  owe  the   most 
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thorongh  knowlcd^  of  the  Annelid  larva?,  point  oat  ttttt 
the  cliamcti'rs  cited  liave  no  ^eat  tnorpholo^ic^l  Talae,  for 
Iarv{e  occur  in  the  same  family,  and  even  in  the  same  ffenoK, 
which  belong  to  more  thnn  one  of  these  tj-pea.  The  differ- 
ences in  8haj>e  are  probably  dne  to  differences  in  the  mode 
of  life.  Variations  in  regard  to  the  development  of  the 
locomotor  apparatus— I.e.,  in  the  distribution  and  Mt«iitiieiw 
of  the  ciliution — would  easily  follow,  if  the  larrv  of  oincel/ 
related  forms  adopted  different  modes  of  life,  u  is  aftaallj 
the  case.  Trrebella  larvffl  (Tfrebella  (wwAi'Ifja)  «re  Iniown 
which  mnst  be  placed  among  the  Satotrvclue,  while  otUera 
belonging  to  this  genus  entirely  lack  the  ciliated  ringa  [Trrt- 
belUt  iteekelii).  The  former  are  good  swimmers,  and  lead  a 
pelagic  existence  ;  the  latter,  on  the  contrary,  never  mo»e  far 
away  from  the  masses  of  eggs  from  which  tbuy  hatch,  and 
may  sometimes  develop  into  young  worms,  even  in  the  j«Uy 
Borronnding  the  eggs. 

The  presence  or  tbaence  o(  the  preoral  band  of  alia  may  well  b*  in- 
portant  in  the  intorpretition  of  Annelid  larvv,  for  laoooMing  W  Kui- 
KKNlsiuil  this  alone  poiseue*  ■  ring-nerve,  which  ii  «aid  to  be  laekins  \a 
all  other  b*ndl  of  cilia  that  make  their  appearance,  with  the  •levptioo  at 
the  so-oalled  poat-oral  band,  which  slanda  in  cloae  relation  to  the  prwmL 
Even  where  posterior  ciliated  bantU  appear  without  the  aiUtonea  of  an 


r  one.  BH  in  the  Ueiolroflin 


Tia.  in.— ii  aad  B,  KHomllHl  klmelul 
Aanelld  ^an»-A.  ol  !,•>■■»< lent.it  (T) 
(kflar  Curtltsm  VIS  U«tM>ilion)i  B. 
at   Stnuoipu   tntlal*    (sfMrr    ViiDotHr). 
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1  Htid  to  be  aba 
But  ihfm  onndilion*  aia  a*  yat 
too  little  utodied  to  allow  mm 
to  baae  on  them  a  dialllMtitMi 
between  the  larra. 

Out  of  the  mnltitndo  of 
variously  formed  Annelid 
larvB9,  only  a  few  of  th« 
particularly  chantet«riatio 
forms  can  be  chosen.  We 
shall  6rst  cnnaider  tba 
an  segmented  larrip. 

The  simplest  larrv  of 
the  Annelids  are  no. 
donbtedly  tboae  wbcw* 
body  is   covered   witk   & 
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nnifonn  coat  of  cilia,  and  which  at  the  most  possess  at  the 
anterior  end  of  the  body  a  tnft  of  cilia,  which  serves  for 
steering  (Atrochce^  Fig.  122  A^  B). 

CuLPABfeDB  UND  Mbtschnikoff  desoribe  atrochal  laryao  of  Lumbrieo- 
nereii  (?),  and  Ykjdovskt  those  of  StemoipU^  Both  larvaB  are  at  first 
spherioal,  but  later  become  elongated  (Fig.  122  B).  The  former  possess 
eye-spots ;  the  latter  do  not.  A  differentiation  in  the  oiliation  appears 
even  in  these  larvfls,  for  in  Lumhriconereis  narrow  zones,  one  toward  the 
anterior  and  one  toward  the  posterior  end,  remain  free  from  cilia,  and  in 
StetJuupU  the  entire  posterior  end  is  without  cilia  (Fig.  122  A,  B). 
Inside  one  recognizes  in  the  first  form  the  sac-like  fundament  of  the 
digestive  tract,  in  the  latter,  on  the  contrary,  only  a  compact  mass  formed 
of  large  entoderm  cells. 

The  further  development  of  Lumbriconereis  is  marked  by  the  ap- 
pearance of  set»  in  pairs  at  the  posterior  end  of  the  body,  thus  giving 
expression  to  the  segmentation.  At  the  same  time  the  degeneration  of 
the  cilia  begins.  In  Stemoipit  the  entire  ciliation  of  the  body  dis- 
appears, and  the  larva  continues  to  live  in  this  naked  condition  for 
some  time,  the  segmentation  of  the  body  being  as  yet  unrecognizable 
(VsjDOvsKT,  Bietsch).  Its  further  development  was  not  followed  in 
detail. 

It  is  difficult  to  say  whether  in  the  evenly  ciliated  larvs  we  have  to  do 
with  phylogenetically  older  stages  than  those  represented  by  the  Trocho- 
phore.  The  incomplete  development  of  the  intestinal  canal,  especially 
in  the  larva  of  Stertuupu,  and  also  the  subsequent  development  of  this 
worm,  make  it  appear  as  more  probably  a  derived  form.  Although  in 
Lumbriconereii  the  cilia  in  later  stages  are  arranged  into  an  anterior 
and  posterior  region,  this  distribution  is  altogether  too  indistinct  to  be 
referred  to  the  anterior  and  posterior  ciliated  bands  of  the  Trochophore. 

Although  we  are  not  justified  in  looking  upon  these 
atrochal  larvs  as  primitive  forms,  still  it  appears  to  follow 
from  the  development  of  another  Annelid  that  the  larvee 
which  are  provided  with  ciliated  bands  represent  a  stage 
sncceeding  the  atrochal  forms.  In  Terebella  Meckelii^  which 
was  studied  by  Milne- Edwards,  Clapar^de  und  Mbtschni- 
koff, and  later  by  Salenskt,  there  arises  from  a  larva,  which 

^  SUrnaspU  has  been  classed  with  the  Echiurids ;  nevertheless  in  this 
form,  which  is  provided  with  set»,  such  a  distinct  segmentation  is  ex- 
pressed, both  externally  on  the  body  and  internally,  in  the  matter  of  the 
arrangement  of  the  muscles  and  blood-vessels  (Bietsch),  that  this  group 
of  Annelids — very  aberrant,  it  is  true— must  still  be  placed  among  the 
Cbatopoda. 

K.  H.  B.  T 
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at  first  ia  rather  evenly  ciliated,  one  having  r  pniorKl  wai 
ft  perianal  band  of  cilia,  which  is  ftabslAntiftllj  tn  th« 
Troehophore  staffe. 

The  joann  larvs'  ol  TtrtbtUa  UteMU  ue  kt  Bnt  tpherieal,  thm 
eloDK'te  B  little,  and  become  c«ve»d  with  an  even  coat  ot  cilU.  vtudi 
leaves  bare  only  the  smiill  put  ot  the  anterior  enil  ol  tlie  bod;  IjioH  In 
front  of  the  eyes.  Later  UiBy  become  pyritarm.  and  the  oilla  now  eotv 
only  the  volnminODB  anterior  part  ot  the  body,  vherea*  Ibe  poalcnor 
region  it  destitute  of  them.  II  is  only  in  ■  later  Mmifi  ol  develO|<aMdil 
that  a  perianal  row  of  oilia  makei  its  appearance.  In  this  slag*  il  ic- 
aembles  the  previonBly  described  larva  ot  Lumbricomrtit.  The  oiUation 
U  gradually  oon&ned  to  a  preoral  band,  a  perianal  band,  and  a  vmlral 
oiliatad  groove  {Suanset).  To  be  sore,  the  outer  form  of  tba  lana  i*  la 
this  caM,  on  aooount  of  the  small  sise  of  its  bell,  not  lliat  ol  a  typical 
Troctiophon  ;  nevertheless  nothing  prevents  us  from  oomjiarinil  it  to  on« 
that  has  already  begnn  its  metnniorpbosis  into  the  wortn.  In  Iroot  ot  tba 
mouth  lies  the  preoral  band  of  cilia ;  the  intestine  has  the  usual  ahapa  ; 
at  the  posterior  end,  in  the  vicinity  of  the  anus,  is  found  the  perianal  banal 
of  cilia.  About  midway  between  the  anterior  aud  po«t«rior  ciliaMd  baaib 
appear  indications  ot  the  tvo  lirst  segments,  behind  which  otbera  •oon 
follow.  They  become  notireabls  externally  by  the  development  of  pro- 
tuberanecs.  which  are  studded  with  Bet».  The  worm  grow*  in  leogth ; 
evaginations  at  its  anterior  end  form  the  tentacles ;  it  wcratca  tlia  ink* 
and  attaches  itsell. 

The  larv»  of  the  Cfustopterida,  known  as  Maotroeha,  atso 
naiformly  cil luted  embryos.  In  Cktrtapttnm 
perijamtntar^iu,  which  at  first  is  eren> 
]y  ciliated,  there  is  funned  a  taft  of 
cilia  &t  the  anterior  end  ot  the  larra, 
and  gmdaiillj  a  ring  also  of  cilia,  t-n- 
circling  the  body  at  aboat  tbe  middln 
(Fig.  12:<).  The  inside  of  Ibe  Urv»  is 
pretty  well  filled  by  ihv  lartre  •ac-likii 
intestinal  canal.  The  lart'a  of  Ttlrp- 
taiiii  cMlarum  is  similar,  onljf  that  it 
Inoks  the  anterior  tnft  of  cilia.  On 
the  other  hand,  the  larva  of  /'iyf/o- 
ekn^tofileras  toeiali*  also  exhibtta  stouter 
cilia  at  the  anterior  end;  it  posseeses  two  ciliated  faftuila 
which  lie  close  to  the  posterior  end.  A  preoral  band  of  <nli» 
is  not  present  in  these  larvfe,  and  the  middle  one  e 
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directly  compared  to  the  perianal  ciliated  band  of  other  An- 
nelid larvsB,  for  it  is  not,  like  that,  situated  at  the  posterior 
end,  but  a  number  of  segments  make  their  appearance  be- 
tween it  and  the  hind  end.  The  anus  in  these  larvsB  is 
placed  dorsallj,  for  a  pointed  prolongation  is  formed  pos- 
teriorly on  the  ventral  surface,  a  condition  which  also  recurs 
in  poljtrochal  larvae  (comp.  Fig.  127). 

Noteworthy  is  the  tuft  of  cilia  at  the  anterior  end  which  we  met  with 
in  the  atrochal  and  mesotrochal  larvsB,  and  which  is  also  recalled  by  the 
stoat  cilia  f oand  at  the  head  end  of  *many  telotrochal  and  poly trochal 
larva.  Saoh  a  oiliation  of  the  apical  area  occurs  also  in  Turbellarian^ 
NemerUan,  and  MoUu$ean  laroa,  and  has  perhaps  a  higher  significance 
than  that  of  a  merely  secondary  acquisition,  connected  with  the  larval 
mode  of  life  only. 

Apparently  aberrant  larval  forms,  such  as  those  of  Mitraria 
(Fig.  124  J,  B)y  are  referable  to  the  Trochophore.  Mitraria 
would,  therefore,  have  to  be  classed  with  the  Monotrochm,  in 
which  a  preoral,  but  not  a  perianal,  band  of  cilia  is  de- 
veloped (comp.  the  larva  of  Paygmobranchus,  shown  in  Fig. 
128,  p.  280).  Monotroche  and  Telotrochce  cannot  be  separated 
from  each  other,  inasmuch  as  in  the  beginning  the  larvae 
frequently  possess  only  a  preoral  band  of  cilia,  are  therefore 
raonotrochal,  whereas  later  a  perianal  ciliated  band,  which 
gives  them  the  character  of  Telotrochce^  is  developed  on  them. 

Mitraria^  the  Annelid  larva  discovered  by  Job.  MOlleb,  and  subse- 
quently more  thoroughly  studied  by  Metschnikoff,  can  easily  be  recog- 
nized in  its  young  stages  as  a  Trochophore^  with  a  well-developed  bell,  but 
much-reduced  posterior  portion  (Fig.  124  A),  As  a  result  of  this,  the 
anus  and  mouth  are  brought  close  together.  The  ciliated  band  lies  in 
front  of  the  mouth.  Later  the  posterior  part  of  the  body  grows  out 
more,  and  the  ciliated  band,  whieh  acquires  nrany  outfoldings,  there- 
fore comes  to  lie  more  anteriorly  (Fig.  124  B),  In  this  figure  the 
beginning  of  the  worm,  which  is  gradually  developed  out  of  the 
Mitraria^  can  be  easily  recognized.  On  the  lower  area,  surrounded  by 
the  ciliated  band,  two  lateral  protuberances,  which  bear  long  cilia,  can 
be  recognized  in  the  young  larva.  In  the  older  larva  they  are  seen 
lying  dorsally.  The  metamorphosis  of  the  larva  into  the  tubicolous 
worm  is  due  to  the  vigorous  growth  of  the  segmented  posterior  portion 
and  the  degeneration  of  the  chief  part  of  the  3/ttrana,  together  with 
its  lobes  and  setiferous  papillsB.  Thereupon  the  larva  sinks  to  the  bottom, 
secretes  the  tube,  and  becomes  attached. 


la  Mitraria  we  recogahed  &  larrs  which  pomeuei  pnv 
vlsional   larval   appendages  id    tlie   form   of    long  bnatlcw. 


which  also  occur  in  other  Annelid  tarvie.  Ttochophare  larvw 
are  known  which  pihibit  a  nnmbor  of  lonR  denticulal* 
bristles  on  both  sides  of  the  bodj,  thns,  e.g ,  in  tbn  ^nerm 
Sah'llaria,  S}no,  rtc.  Fijpi. 
125  nn<l  126  ohiw  larrw 
more  ailvanced  in  develop. 
mpntwith  richly  drreloped, 
ai>d  in  part  oxtntordinarilj 
long,  provisional  koIb*.  Sctw 
of  this  kind  do  not  appear 
in  adult  recent  ChntopcMla, 
bnt.  on  the  other  IuukI.  »n 
foand  in  foesil  forma.  It 
has  been  conjectarod  ihmt 
they  mig^ht  have  been  inherited  from  unflegniented  aDcestors 
of  the  existing  GhoBtopoda.  This  snggestlon  appeared  to 
be  supported  bj  the  fact  that  they  are  mostly  foniid  oa  tlte 
anterior  unsegmented  part  of  the  larva  (Albk.  AuAaaui). 


The  Urv»  of  Oiihryotroeka  puerilw  (Fig.  127)  are  Potytro- 


— seg^mented  larvse  in  the  proper 
number  of  Begmenta,  each  ooe  of  which 
is  provided  with  a  ciliated  band.  In 
addition,  stonter  tactile  hairs  are  foand 
at  the  anterior  and  posterior  ends  of  the 
body.  The  first  ciliated  baud  belongs 
to  the  head  region  of  the  larva.  Next  to 
this  is  sitoated  the  mouth -opening,  which 
leads  into  a  lot^e  pharynx  provided  with 
a  chewing  apparatus.  The  intestine 
extends  straight  backwards,  and  opens 
to  the  exterior  at  the  end  of  the  last  seg- 
ment. The  tLUae  is  situated  dorsall;,  in- 
asmnch  as  the  last  segment  possesses  a 
pointed  process  on  the  ventrul  side  (Fig, 
127). 

The  neit  stages  of  development  in  Oyhnj"- 
Uoeha  remain  much  lite  the  larvn  described, 
sinw  the  new  eegmentB  formed  in  tront  ot  tlif 
anal  legment  are  also  provided  with  bunds  of 
cilia.  Knob-like  psrnpodia  then  buci  out  on  Ihv 
Mignents.  and  in  them  Ihe  sets  are  developed. 
Tha  DUaber  of  the  Hegrueots  is  considerabl;  in- 
onaced,  yet  this  small  Annelid,  which  nevt!i' 
beeomes  over  2'5  mm.  long,  cemains.  as  it  were, 
in  >  larval  condition,  since  the  sejjments  retain  Fig 
their  eitiition  throughout  lile.  Still  tujotber  "'^ 
ciliated  hand  has  been  developed  on  the  head,     5.^^' 


They  possess  a 
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and  two  small  knob-lilie  (eeleis  b&ve  arisen  there, 
which  bear  loog  cilia,  just  as  do  tlie  two  cirri 
which  have  made  their  appearance  near  the  unpaired  process  on  the 
anal  segment.  The  two  most  anterior  aegmenle  remain  without  appen- 
dage* (Ci.i.pihE^d«  DND  MHTBCHNIXUFr). 

In  Ophryotrocha  the  ciliat«d  rings  snrronnd  the  entire 
segment.  They  appear  to  be  arranged  in  the  same  way  in 
Arefiicola  marina,  \  in  other  larvie,  on  the  contrary,  they  have 
the  form  of  half-rings  only,  and  are  confined  to  the  dorsal 
or  ventral  sorfaoes  {Holotrochm  and  Gtuterotroehm).  Nolo- 
troehal  larvm  are  fonnd,  for  example,  in  Terebella  conehilega, 
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giuterotrochal  ia  memben  of  the  gsnen  Magelona,  Nerime, 
and  Spio.  In  the  two  last-named  genera  there  are  foond 
amphilroehal  larvie — i.e.,  anch  u  poaaesB  doraal  aa  well  w 
rentral  half-ringa — in  addition  to  the  gtuierctneltal,  jnat  aa 
atroclial  and  polytrochal  larvn  ftppeor  in  the  ffsnna  TerthtUa. 
The  polytrochal  larrn  aometimes  appear 
sa  a  stage  ancceeding  other  larval  tjpea. 
ThuB  thoBe  of  Arenicola  tnariua  ariie  from 
larvn  which  at  6r>t  were  nionotrachal,  later 
became  telotrochal,  and  finally,  bj  tbe  ap- 
pearance of  new  ciliated  rings  between  tboee 
already  present,  aunmed  the  stage  of  poly- 
trocbal  larve  (liix  Schultze)-  Also  the 
true  polytrochal  larrn — i.e.,  those  which 
possesa  only  the  ciliated  bands,  bnt  do  not 
yet,  like  many  other  polytrochal  larvie,  ex- 
hibit the  fundaments  of  the  aetn  and  other 
(^hnjrt™*.  v«-  parts  of  the  body  of  the  worm— appear  as  tbe 
■ini  EBB  MiTKR-  et(i};e  sncceeding  the  Trochupkon.  Thns  we 
■""■"'■  *■  ""*^  have  just  noted  a  stage  entirely  reitenibling 
a  Ti-ochophnrc,  which  preceded  the  polytrochal 
Jarra  of  an  Ophryotn^ha.  This  condition  warrants  the 
asHiimption  that  the  segmented  forms  are  to  be  looked  opon 
as  the  younger,  thu  unsegmented,  on  tbe  other  band,  as  the 
pbylogenetically  older. 

Am  may  be  inferred  from  the  manifold  shapes  of  the 
Annelid  lun-ie,  their  metamorphosis  into  the  worm  is  also 
extremely  varied. 

Tliin  has  already  been  briefly  discnssed  in  some  forms 
while  connidering  the  larval  stages.  Tlie  segmentation  may 
be  expif.'sscd  on  the  body  of  the  larva  in  varions  ways.  In 
some  cascH  the  body  elongates  and  divides  into  segments, 
while  tbe  (filiated  bands  are  still  retained.  In  otherforms  the 
first  make  their  appearance  in  p«irs,  and  indicate 
ntstiun  of  the  body,  or  at  the  same  time  the 
ai'o  eRtabliuhcd  in  tbe  form  of  protnbcmnces. 
:  ai-o  found  which  have  still  preserved  the  entirv 
form  of  the  Trochopliore,  and  yet  exhibit  already  tbe  two 
lateral    rows   of    setK  or  partipodia.      At   first  only  a  f«w 


setaj  aloi 

pampodi 
Tbus  lar 
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segments  are  present ;  new  ones  are,  however,  continnally 
being  interpolated  behind.  Since,  moreover,  the  parapodia 
acquire  more  and  more  their  permanent  shape,  and  the 
larval  organs,  on  the  other  hand,  degenerate,  the  larva 
approaches  the  shape  of  the  adult  animal. 

The  segmental  appendages  do  not  arise  in  a  oniform  manner  in  the 
different  divisions  of  the  Polychseta.  In  the  Errantia  the  dorsal  and 
ventral  parapodia  arise  from  a  common  fundament,  which  afterwards 
separates  into  the  dorsal  and  ventral  parts.  This  has  been  observed,  for 
example,  in  Nereis,  Such  a  separation,  however,  does  not  take  place  in 
the  Sedentariay  but  their  dorsal  hook-bearing  segmental  appendages  arise 
independently  of  the  ventral  parapodia  (thus  in  Terebella),  Accordingly 
it  is  maintained  that  only  the  dorsal  appendages  of  the  Sedentaria  cor- 
respond to  the  common  parapodial  fundament  in  the  Errantia^  whereas 
the  ventral  appendages  are  to  be  considered  as  new  formations  of  a 
secondary  nature  (Salenskt). 

The  cirri  and  tentacles  arise  as  elevations  and  evaginations  of  the 
ectoderm,  into  which  continuations  of  the  somatic  mesoderm  may  also 
extend.  Of  these  the  unpaired  median  tentacle,  as  it  occurs,  for  example, 
in  TereheUa^  Pileolaria^  and  Ptygmobranchus^  usually  extending  forward 
beyond  the  head,  is  of  an  especially  peculiar  nature.  It  attains  at  first 
a  large  size,  and  is  provided  with  a  considerable  cavity  (TerebeUa)^  but 
may  soon  become  reduced  in  size  again  (Psygmobranchus).  When  it  is 
present,  there  are  found  near  it,  and  on  either  side  of  the  head,  the 
lateral  tentacles,  the  number  and  form  of  which  are  very  variable  in  the 
different  Annelida.  The  tentacles  may  attain  a  peculiar  development  by 
putting  forth  bud-like  evaginations,  which  enlarge  and  become  the  gills. 
In  P$ygmohranehu$  the  larva,  by  means  of  the  trifid  gills,  acquires  quite 
a  peculiar  shape  (Fig.  128  B).  ^  The  median  tentacle,  which  was  present 
somewhat  earlier  and  extended  forward  beyond  the  head,  has  already  in 
this  stage  degenerated.  As  sometimes  the  tentacles,  so  also  may  the 
eyes,  degenerate  in  the  Sedentariay  since  these  sessile  forms  can  scarcely 
have  further  need  of  them.  In  Ptygmobranchus  a  peculiar  organ  is 
seen  lying  behind  the  gills  (Fig.  128  By  kr)y  which  is  also  developed  in 
other  Annelida  {Pileolariay  Spirorbis),    This  is  an  annular  fold  of  the 


^  The  larva  which  is  here  figured  has  developed  from  a  so-called 
monotrochal  larva  (Fig.  128  A)y  which  exhibits  the  form  of  the  Trocho- 
phore,  provided  with  a  preoral  and  post-oral  ciliated  band,  while  the 
preanal  band  is  wanting.  The  post-oral  ciliated  band  is  continued 
into  the  ventral  (so-called  adoral)  ciliated  groove.  The  Trochophore 
already  possesses  two  eye-spots,  but  still  lacks  the  intestinal  canal,  which 
is  represented  by  only  an  entodermal  mass  of  large  cells.  The  mouth 
ia  already  indicated. 
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of  the  body  lying  behind  U.e  head. 

The  first  two  aegmeoU  lyilm  behind  Urn  head  «re  oonspicnous  in  mmj 
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the  forms  mentioned  (Exogone)  is  said  to  pass  through  a 
8^.age  of  development  which,  according  to  the  description  of 
ViouiER,  strongly  resembles  the  "  lary»  "  of  the  01igoch»ta. 

2.    Development  without  Free-swimming  Larva 

(Oligochseta)^ 

The  OligochaBta  lay  their  previously  fertilized  eggs  in  firm 
cocoons,  consisting  of  a  chitin-like  sabstance.  The  cocoons 
vary  greatly  in  shape  in  the  different  genera,  and,  according 
to  the  life-habit  of  the  worm,  are  found  either  in  the  earth 
or  attached  to  aquatic  plants.  The  slender,  spindle-shaped 
cocoons  of  Criodrilus  attain  a  considerable  length  (as  much 
as  5  cm.).  In  the  Lumhricidce  they  are  rounded  or  ovate, 
and  of  different  sizes  in  one  and  the  same  species,  being 
about  as  large  as  a  pea  or  a  bean.  Correspondingly  the 
number  of  eggs  which  they  contain  is  also  variable.  Some- 
times only  a  very  few  eggs  are  found,  while  in  other  cases 
the  number  may  reach  as  many  as  twenty  or  thirty.  Usually 
not  all  of  these  eggs  develop,  but,  as  appears,  some  of  them 
develop  at  the  cost  of  the  others.  Ordinarily  the  eggs  float 
in  an  albuminous  mass.  Their  development  is  different 
according  as  they  contain  a  small  amount  of  food-yolk 
(Lumbricus,  Criodrilus)^  or  possess  abundant  yolk  (Bhyn- 
ckelmis^  Tubifex),     Cleavage  is  always  unequal,  but  in  the 

• 

first  case  an  invaginate  gastrula  is  formed,  while  in  the 
second  an  epibolic  gastrula  occurs. 

Cleavage  and  the  formation  of  the  genn-lajers  in  the  Oligochfleta  have 
been  thoroughly  studied  by  various  investigators  (Kowalevbkt,  No.  27 ; 
Hatschkk,  No.  18;  Elbinbnbbbo,  No.  24;  Vejdovskt,  No.  45).  In 
LumbrieuM  a  blastula  is  formed  whioh  is  thicker  on  one  side,  and  v^hich 
may  be  flattened  so  that  the  oleavage  cavity  is  small ;  and  the  gastrula, 
which  soon  arises  by  invagination,  is  also  at  first  rather  flat  (Kowalevbkt, 
Fig.  130  J).  These  characters  are  less  marked  in  the  case  of  Lumbrieui 
trapezoide$  (Fig.  129  A),  in  which  occurs  the  peculiar  phenomenon  of  the 
division  of  the  embryo  in  the  gastrula  stage,  producing  in  this  way  two 
embryos,  which,  separated  from  each  other,  develop  further.  Fig.  129 
A  represents  such  a  stage  of  division  of  an  embryo,  and  shows  the  two 
embryos  (which  are  in  the  same  stage  of  development)  only  slightly 
united. 
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Id  case  the  egg  is  verjr  rich  in  folk,  m  in  RAyw hclnb,  tiwn  mm, 
■ccording  to  Vkjpovski,  an  the  result  of  the  firat  divisiun*,  toar  Uutiy 
meres,  Irom  vhiah  four  much  smaller  blaBlomereB  are  ooulricled  off.  to 
that  now  four  micrameres  and  four  macromeres  are  pmmt.  Whil* 
the  micromeres  iDcrease  rapidly  b;  dinaion,  the  hindmoat  and  Ufgaat  of 
the  four  Urge  cleavage  Bpherea  buda  oft  three  cells  of  medlom  aiM  :  th* 
mesomeres.  Nov  the  macromerea  also  divide  further  i  the  mieromwM, 
which,  &a  well  as  the  mesomeree,  have  meantime  increaaad  in  DnlsbM. 
grow  over  the  tatter,  whiub  llicreb;  come  to  tie  inside.  Batwem  mioro- 
loerefl  and  niacromcres  a  amall  cleavage  oavit;  ariaei,  wbioh  ia  Rocn 
obliterated,  wheu  the  siuall  cells  ({row  over  the  large  onai  turthst,  u 
this  way  forming  an  epibolic  gaatruta. 

Ordinarily  several,  nsually  two,  blastomeres  are  differen- 
tiated before  the  formation  of  the  two  primary  f^rm-l«yere, 
but  apparently  exhibiting  relations  to  both  of  them;  tlie«e 
withdraw  from  connection  with  the  other  cells  and  ent«r  the 
cleavage  cavity  (Fig.  1^9  A).   They  conatitnt^  the  (nndnmenl 
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of  the  mesodermal  bands.  These  arise  bj  the  division  of  the 
two  cells,  and  hj  the  smaller  cells  thus  pi*odaced  moving* 
awaj  from  them.  This  process  can  best  be  understood  from 
the  figares  of  Lumhrieus  given  bj  Kowalevsky  and  Klei- 
NENBBRG  (Figs.  129  and  130).  The  two  large  cells  (pole  cells) 
from  which  the  smaller  cells  of  the  mesodermal  bands  have 
arisen  by  division  are  seen  in  the  posterior  part  of  the 
embryo  (comp.  the  interpretation  given  by  Kleinenberq,  p. 
286).  The  mesodermal  bands  extend  on  both  sides  of  the 
embryo  towards  the  mouth  ;  whereas  they  at  first  diverge, 
later  they  move  from  the  lateral  position  toward  the  ventral 
surface,  and  now  lie  on  either  side  of  the  median  line  (Fig. 
129  5,(7). 


MIAT. 

Pio.  190.— ii,  B,  optical  longitudinal  MCtions  of  t^o  embryos  of  Lumbi-icus 
mbfUiM  {Allolohophcrafatida  [P],  Vejdovsky)  of  different  ages  (after  Kowalxvskt). 
htt  blastopore ;  «ct,  ectoderm ;  0nt,  entoderm ;  m,  mouth-opening ;  m«s,  mesodermal 
bands  j  p,  pole  cells  of  the  mesoderm. 

In  the  figures  130  A  and  B,  the  mesodermal  bands  are 
seen  in  side  view,  and  their  first  appearance  (Fig.  130  A) 
can  be  recognized.  In  this  case  they  consist  from  the  begin- 
ning, not  of  one,  but  of  several,  cell-rows  ;  but  even  here  the 
pole  cell  of  each  band  can  be  seen  at  the  posterior  end.  The 
bands  extend  further  and  further,  and  finally  acquire  the 
considerable  length  which  is  represented  in  the  figures  130 
B  and  131. 

Together  with  the  elongation  of  the  mesodermal  bands 
already  described,  which  are  also,  though  inappropriately, 
called  germ  bands,  the  formation  of  the  embryo  as  a  whole 
has  progressed  further  (Figs.  130  B  and  131).  It  has  en- 
larged by  the  rapid  multiplication  of  its  cells,  and  now  con- 
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siats  Bnbstaatially  of  a  bilftminar  cellular  veBicle,  between 
the  two  layera  of  which  are  lodged  on  the  veiitT«1  aide  the 
mesodermal  bands.  The  blastopore  has  become  tlie  per- 
manent month,  in  the  neighborhood  of  which  »  lip-like 
tliickeniag  of  the  ectoderm  makes  its  appearmnce.  The 
celU  Ijing  aronnd  the  moath  appear  to  be  of  a  controettle 
nature,  and  accordingly  execnte  swallowing  movumento,  in 
ctinseqaenee  of  wtiicli  the  intestine  becomes  Blled  with  the 
albumen  in  which  the  embryo  floatn,  and  which  serves  it  n* 
food.  As  a  reanlt  of  this  nutrition  the  embryo  became* 
more  and  more  distended,  and  increases  in  volame.  The 
embryo  in  this  condition  mny  be  compared  with  the  froe- 
Bwimming  larvie  of  other  Annelida,  especially  aa  it  barsta 
the  vitelline  membrane  at  abont  this  stage,  and  now  floata, 
as  has  been  mentioned,  in  the  albnmen  of  the  cocoon.  The 
larva-like  appearance  of  the  embryo  is  increased  by  the  fact 
that  in  Lumbricus  frapeioides  (according  ta  Kleinkkbibo) 
there  is  found  a  ring  of  delicate  cilia,  surronnding  the 
mouth  and  continuing  into  a  ventral  ciliated  groove,  which 
extends  in  the  middle  line  between  the  mesodermal  bawls. 
H^TScnEK  also  found  an  odoral  ciliated  zone  in  the  embryos 
of  Criodriliu.  Furthermore  VE)i>OT«i[r  proved  the  existenco 
ia  Rkyitekelmii  oi  a  paired  head  kidney,  which  Bkrub  klsu 
found  in  Criodrilut.  It  consists  of  a  long,  semicircnlsr  tnbe, 
the  blind  inner  termination  of  which  lies  in  the  vicinity  of  the 
month,  whereas  the  external  opening  of  the  ciliated  can^l  is 
sitnated  laterally  at  about  the  middle  of  the  body.  In  riew 
of  alt  this,  the  embryos  of  the  OligocbKts  appesr  to  be 
degenerate  larval  forms,  which  float  free  in  the  slbanen  of 
the  cocoon,  and  here  feed  independently.  The  abeeDoe  of  tlis 
anas  does  nut  enter  much  into  the  qnestion,  for  we  we  tJut 
in  many  Trochophore  larvie  also — for  example,  in  Pfy^wto. 
branchui — the  anus,  and  even  the  month,  may  be  wanting  in 
the  early  part  of  its  free  oxiatenoe  (comp.  Kig.  liS,  p.  280). 

The  metamorphosis  of  the  larva-like  embryos  into  the 
worm  is  accomplished  principally  as  tlie  result  of  the  InrtKer 
development  of  the  mesodermal  bands.  These  at  first  ooa- 
tinne  their  growth  forwards  and  surroDnd  the  for*-gat, 
which  baa  been  formed  ont  of  an  invaginstion  of  ths  eelo- 
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derm  (Figs.  130  B  and  131).  Also  in  the  parts  of  the 
embryo  lying  further  backwards  the  mesodermal  bands 
advance  from  the  ventral  side,  to  which  they  were  at  first 
confined,  to  the  dorsal  side,  and  thns  separate  the  ectoderm 
from  the  entoderm.  The  separation  of  the  mesodermal 
bands  into  primitive  segments  and  the  splitting  of  these  into 
somatic  and  splanchnic  layers  occurred  even  before  this 
(Pigs.  129  0  and  131).     The  posterior  part  of  the  embryo 


«9 

Fio.  131.— Optical  lonffitadiaal  MOfcion  of  an  embryo  of  Lumhricui  olidu$  (after 
Witaov,  from  La.vo*8  Lthrbuch),  bm,  fandament  of  the  ventral  nerve  cord ;  t, 
eotodarm  ;  ^n,  entoderm ;  g,  fandament  of  the  sapra<<BtophageaI  ganglion ;  fcH, 
head  oayity ;  m,  mesodermal  bands ;  md,  cavity  of  the  mid>gut :  nh,  nenroblaat 
ceUa ;  o,  month ;  fm,  parietal  (somatic)  layer  of  the  primitive  segments ;  pm«,  pole 
cells  of  the  mesoderm ;  sH,  oavi^  of  the  primitive  segments ;  »t,  stomod»um 
(ftxndament  of  the  fore^gnt) ;  ug,  saDOBSophageal  ganglion;  vm,  visceral  (splanchnic) 
layer  of  the  primitive  segments. 

is  greatly  distended  by  the  albumen  taken  into  the  intestine, 
and  bulges  out  like  a  yolk-sac  on  the  embryo,  which  in  the 
meanwhile  has  grown  longer  (Fig.  132  h).  Also  in  the 
posterior  distended  part  of  the  embryo  the  primitive  seg- 
ments are  ultimately  formed  and  grow  aroand  the  ento- 
dermal  sac  towards  the  dorsal  side,  so  that  finally  it  is 
entirely  surrounded  by  mesoderm ;  thus  the  most  im- 
portant parts  in  the  development  of  the  worm,  as  far  as 
regards  its  outer  form,  are  completed.  The  anus  is  formed 
later  by  an  ectodermal  depression  at  the  posterior  end  of 
the  woi'm. 
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EMBRYOLOGY 


Both  the  origin  and  the  farther  development  of  the  meeodenn  are  dif- 
puted  points  in  the  development.  In  some  oases,  as,  for  example,  in  the 
Lumbricus  studied  by  Kowalevskt  (and  in  Nerei$,  according  to  Ooittb), 
it  appears  as  if  the  first  mesoderm  cells  had  been  derived  from  the  ento- 
derm cells,  whereas  in  other  cases  they  seem  rather  to  have  belonged  to 
the  ectoderm.  Usually  their  origin  cannot  be  referred  to  either  one  or 
the  other  of  the  two  primary  germ-layers,  for  they  were  established  before 
the  formation  of  these,  or  on  the  border-line  of  the  two.  Such  ia  the 
case  in  various  OligochflBta  and  also  in  Polyoh«ta.  In  Rhynekelwus 
(comp.  p.  282)  the  so-called  mesomeres  are  separated  off  from  the 
large  blastomeres,  which  sabseqnently  become  the  entoderm,  and,  to- 
gether with  the  micromeres,  overlie  these;  apparently  therefore  they 
belong  to  the  ectoderm.      It  is  only  later  that  they  are  overgrown  by  the 

ectoderm,  and  move  to  the  inside 
here  to  develop  into  the  meeoder- 
mal  bands  (Vbjdovbkt). 

Jnst  as  the  opinions  of  aatbors 
are  divided  in  regard  to  the  deri- 
vation of  the  mesoderm,  so  also 
are  they  in  regard  to  the  manner 
in  which  the  mesodermal  bands  are 
formed.  Whereas  some  author* 
derive  them  from  proliferations  of 
the  primitive  mesoderm  cells  (Kow- 
alevskt, No.  27;  IIatvchrk,  No. 
18  ;  GoETTE,  No.  15).  others  are  of 
the  opinion  that  the  parts  of  the 
ectoderm  which  lie  over  the  meso- 
dermal bands  also  supply  cells  for 
the  reinforcement  of  these  bandii, 
and  that  as  a  result  ectoderm  and 
mesoderm  are  in  this  region  con- 
tinuous (Fig.  129  i?).  Kleixcmieius 
(No.  24)  thus  describes  the  condi- 
tions in  Lumbricut  trapezoiden.  Salbnskt  (No.  37)  agrees  with  him. 
Recently  Klrinenrkuo  (No.  26)  has  gone  still  further,  for  he  con«idert 
that  the  entire  mesoderm — the  existence  of  which  as  a  separate  layer  he, 
moreover,  denies— has  been  gradually  split  off  from  the  ectoderm.  This 
point  will  be  referred  to  again  in  considering  the  organogeny. 


Fio.  132.— An  embryo  of  L^mhricxu 
ngricoht,  already  far  advanced  in  deve- 
lopment (after  Kowamvbky).  h,  pos- 
terior part  of  the  embryo,  roBerabling 
a  yolk-Mu; ;  it«  wall  i8  formed  of  ecto- 
derm and  entoderm,  and  it  gradually 
beoomee  overgrown  by  the  mesodermal 
bands ;  m««,  apper  limit  of  the  left 
mesodermal  band  ;  cb«,  oesophagus. 


3.    The  Formation  of  the  Organs. 

So  much  of  the  formation  of  the  individual  organs  as  has 
not  been  considered  in  the  two  preceding  sections  apon  the 
general  form  of  the  body  will  be  added  here.     HoweTer,  it 
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Rhonld  be  noted  at  the  beginning  that  npon  these  matters 
there  prevails  as  yet  among  authors  but  little  clearness,  and 
agreement  to  only  a  limited  extent. 

Ectodermal  Structures. 

The  epidermis' oi  the  larva  and  of  the  adult  worm  arises 
directly  from  the  embryonal  ectoderm,  its  cells  multiplying 
greatly,  and  becoming  much  flattened. 

The  setigerous  sacs  arise,  according  to  the  concurrent  state- 
ments of  KowALEYSKT,  Yejdoyskt,  and  Berqh,  as  club-shaped 
ingrowths  of  the  epidermis,  inside  of  which  the  setae  are 
secreted.  According  to  other  descriptions,  the  setigerous  sacs 
originate  from  the  mesoderm. 

Nervous  System  and  Sensory  Organs. — In  considering  the 
origin  of  the  nervous  system  it  seems  necessary  to  separate 
the  supra-oesophageal  ganglion  from  the  ventral  cord.  Both 
arise  as  thickenings  of  the  ectoderm  (Fig.  133  C),  the  ven- 
tral chain  of  ganglia  either  as  a  longitudinal,  unpaired 
or  as  a  paired  thickening,  which  detaches  itself  from  the 
ectoderm,  and  moves  to  the  inside,  where  it  may  be  sur- 
rounded by  mesoderm  (Kowalevsky).  The  further  develop- 
ment proceeds  from  in  front  backwards.  Opinions  are  very 
far  apart  regarding  the  origin  of  the  supra- oesophageal 
ganglion,  and  especially  its  connection  with  the  ventral 
chain  of  ganglia. 

In  Hat8CHek*8  opinion,  there  first  arises  an  ectodermal  thickening  at 
the  head  end  of  the  embryo :  the  apical  plate.  From  this  the  ectodermal 
thickening  progresses  backwards  in  the  form  of  two  cords,  which  extend 
on  either  side  of  the  mouth.  From  the  cesophageal  connectives  thus 
formed,  the  thickening  process  continues  further  and  farther.  In  this  way 
the  two  lateral  cords  of  the  ventral  nerve-trunk  are  formed,  and  in  addition 
a  groove-like  invagination,  lying  in  the  longitudinal  median  line  (similar 
to  the  medullary  tube  of  vertebrates),  takes  part  in  the  formation  of  the 
ventral  chain  of  ganglia.  Hatschxk  defends  the  view  that  the  entire 
nervous  system  arises  from  a  single  fundament.  In  this  he  relies  mainly 
upon  his  embryological  investigations  on  Criodrilut  and  Polygordiut^  and 
furthermore  on  the  comparative  anatomical  conditions  in  Protodrilus^  in 
which  Archiannelid  the  oesophageal  connectives  are  said  to  remain 
throughout  life  in  connection  with  the  body  epithelium  as  ectodermal 
thickenings. 
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In  oppoaition  to  this  theocy,  Eleinenbbh(i — vilh  whom  Gobtti. 
Salenbet,  Bebob,  and  Fraifont  agree— eapou sea  the  view  that  the  nen- 
OUB  syBtem  is  compoaed  of  two  separate  fandameate.  The  Bupra-OBSO- 
phageal  ganglion  arises  aB  a  preoral  ectodermal  tffiakening  independ- 
ently of  the  tn-o  longitudinal  Ibickeninga  of  the  TSntral  side,  vhich 
represent  the  fnndament  o[  the  Tentiai  nerve  cord.  (A  longitudinal 
(unow  corresponding  to  the  medullary  tube  o(  the  vertebrates  does 
not  exist.)  Later  it  pota  forth  lateral  proaessea,  the  (esophageal  con- 
nectivea,  which  unite  with  the  already -formed  ventral  nerve  cord. 
Snch  is  the  condition  in  Lumhricui.  The  origin  of  the  nervooa  Bjateni 
in  Lopadorhynchui,  likewise  studied  by  Ei^rHKNBEBo,  depends  apon 
mach  more  complicated  formative  processes.  Lopadarhynchui  develops 
troui  a  monotroehal  larva,  the  posterior  portion  of  which  grows  ont  into 
the  worm  in  the  manner  ahrady  described.  A  ciliated  pit,  the  «o. 
called  apical  organ  (Fig.  135,  p.  293),  and  the  two  apical  tcntaclea 
arise  in  tbe  vicinity  of  the  apical  pole  as  proviaional  sense-DTfians. 
Behind  these  the  two  paira  of  permanent  antenos  and  the  olfactory  pits 
are  formed,  also  aa  ectodermal  growtlia.  From  these  organs,  which  later 
degenerate  in  part,  the  formation  of  the  supra-iBBophiLgeal  ganglion 
proceeds.  Ordinary  ectodermal  cells  are  metamorphosed  into  ganglionic 
cells,  which  accumulate  in  the  region  of  these  organs,  later  sink  in 
deeper,  and  unite  to  form  the  supra- ixsophageal  ganglion.  This  Gnally 
detaches  itself  from  connection  with  the  ectoderm  and  appeara  inside 
the  bod;  aa  an  independent  organ. 

Just  aa  the  formation  ol  the  supra-cesophageal  ganglion,  according  to 
ElkinenbebOi  starts  from  the  sensory  organn,  so  the  origin  of  the  ventral 
nerve  oord  ia  also  referred  bj'  this  inveatigalar  in  part  to  the  influenoa  of 
the  sensory  organs.  In  the  main,  however,  the  impetus  to  its  formation 
proceeds  from  the  locomotor  organs.  From  the  inner  [deep^  side  of  the 
ventral  ectoderm,  the  outer  eurlace  of  which  bears  tufts  of  seusory  hairs 
(Fig.  131  C),  a,  plate  is  separated  off,  the  so-called  neural  plate,  in 
which  a  right  and  left  portion  can  be  distinguished  (Fig.  134,  p.  393). 
Along  this  plate  arise  segmental,  paired  ingrowths,  the  seligerous  saci 
(Fig-  134  C).  Dorsad  and  ventrad  from  these  are  formed  as  ectodermal 
ingrowths  the  dorsal  and  ventral  cirri.  The  parts  of  the  neural  plal« 
situated  nearest  to  the  median  plane  supply  the  ventral  cord-  They 
approach  more  and  more  the  middle  line,  and  here  fuse  with  each  other. 

The  union  of  the  ventral  nerve  cord  with  the  aupra-cesophageial  gan- 
glion is  secondary.  It  is  brought  about  by  the  neural  plates  extending 
forward  and  sending  out  processes  to  the  ring-nerve  of  the  ciliated  bond. 
But  processes  o(  the  supra -cesopbageal  ganglion  also  pass  into  this,  and 
in  this  way  the  cesophogeal  connectives  arise,  whereas  the  ring-Derre 
itself,  together  with  the  a i listed  bund,  disappears. 

Therefore,  according  to  Kleimnbero's  description,  here  reprodnovd 
briefly,  llie  brain  and  ventral  cord  appear  to  have  a  separate  origin,  the 
iropulse  to  which  cornea  through  sensory  and  locomotor  organs. 
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The  origin  of  the  sensory  organs  has  already  been  touched 
upon  several  times,  as,  for  example,  the  formation  of  the 
aaditory  vesicles  in  Eupoinatus  (comp.  p.  267).  The  eyes  of 
the  Alciopidce  are  formed,  according  to  Kleinenberg,  aM 
invaginations  of  the  ectoderm,  which  are  constricted  off  and 
nnite  with  the  brain,  this  union  constituting  the  optic  nerve. 
The  retiua  arises  as  the  result  of  the  differentiation  of  the 
inner  [deep]  wall  of  the  vesicle,  whereas  the  outer  wall 
becomes  very  thin.  Within,  the  lens  and,  by  the  activity  of 
certain  gland-like  cells,  the  vitreous  body  are  secreted. 

Mesodermal  Structures. 

Body  Cavity ;  Musculature ;  Blood-vessels. — The  differentia- 
tion of  the  mesodermal  bands,  which  results  in  the  formation 
of  the  segmental  cavities,  and  thereby  causes  the  segmenta- 
tion of  the  body,  takes  place  in  a  simple  manner.     The  meso- 
dermal bands  have  extended  forward  and  in  the  anterior  part 
of  the  body  become  several  rows  wide  and  several  layers 
deep.     Then  a  segmentation  begins  at  their  most  anterior 
end,  individual  parts  becomiug  differentiated  in  groups,  and 
finally  separated  from  one  another  by  transverse  boundaries 
(Fig.  131,  p.  285).     These  box-like,  quadrangular  cell-plates, 
which  succeed  one  another  along  the  course  of  the  meso- 
dermal bands,  and  therefore  lie  side  by  side  in  two  rows, 
are  the  primitive  segments,  the  influence  of  which  on  the 
segmentation  of   the   body  we  have  already  briefly  men- 
tioned in  considering  the  development  of  Polygordius  and 
Lumhricus    (pp.  268  and  284 — 286).    We  saw  there  also  that 
the  development  of  the  primitive  segments  takes  place  from 
in    front   backwards.      When  the   primitive    segments   are 
already  well  formed  in  the  anterior  part  of  the  body,  the 
mesodermal  bands  are  still  entirely  undifferentiated  in  their 
posterior  portions,  and  new  cell  material  continues  to  be 
formed  hero  in  the  vicinity  of  the  primitive  mesoderm  cells 
(Fig.  131).     A   Assure  soon   makes  its  appearance   in   the 
primitive  segments,  owing  to  the  fact  that  the  two  or  more 
cell-layers  out  of  which  they  are  composed  separate  from  each 
other  at  the  middle  of  each  primitive  segment  (Fig.  133  B 
and  C).     Thus  the  segmental  cavity — that  is  to  say,  the  be- 
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jfinaing  of  the  hodycavity — ia  formed  in  each  se^cnt  of  the 
body  of  the  worm.  The  cavity  enlargea  while  the  walla  of 
the  primitive  aegmentH  are  more  aud  more  distended  and 
apply  themselves  to  the  body-wall  and  to  the  wall  of  the 
intestine  a«  the  somatic  and  splanchnic  layers  reapectiTcly 
(Fig.  133  C).  But  of  course  every  two  of  the  ses^menU  abot 
on  each  other  with  their  anterior  and  posterior  walla,  and 
thtia  arise  the  septa  (dissepiments),  which  separate  the 
different  segments  of  the  body.  Since  each  segment  of  the 
body  reqaires  for  iU  formation  a  primitive  segment  on  the 
right  aide  and  one  on  the  left,  there  are  formed  a  dorsal  and  a 
ventral  mesentery  (Pig,  133  G).       These  meseuteriea    dis- 


appear in  moat  of  the  Chsetopods  (just  aa  the  septa  alao  are 
frequently  perfomted),  but  they  persist  in  some  of  the  lowest 
Annelids,  such  an  PalygordiM  among  the  Archiannelida  and 
Saerneirrwi  among  the  Chaitopoda. 

The  body  mnscnlatnre  Rrises  fram  the  somatic  layer  of 
the  primitive  segmenta,  the  ventral  longitudinal  mnscles 
being  the  first  to  be  formed.     By  the  arrangement  of  the 
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mascalatare  its  segmental  origin  can  be  recognize  1  even  in 
the  folly  developed  animal.  The  peritoneal  epttheliam  is 
also  derived  from  the  primitive  segments. 

The  splanchnic  layer  of  the  mesoderm  prodaces  so  mnch 
of  the  wall  of  the  intestine  as  is  not  of  entodermal  or  of 
ectodermal  origin,  and  the  walls  of  the  vessels  also  arise 
from  it.  According  to  Salknsky,  the  formation  of  the  blood- 
vascalar  system  begins  (in  Psygmohranchus  and  Terebella) 
in  the  form  of  canals,  which  lie  between  the  entoderm  and 
the  splanchnic  layer,  and  which  are  therefore  really  parts  of 
the  segmentation  cavity.  Later  these  blood-filled  cavities 
are  surrounded  with  a  cellular  wall,  which  comes  from  the 
splanchnic  layer.  According  to  Kowalevsky's  observations 
also,  mesodermal  cells,  which  collect  between  the  ectoderm 
and  splanchnic  layer,  form  the  walls  of  the  vessels ;  more- 
over, the  dorsal  vessel  (Lumbricf^s  and  CriodrilHs,  according 
to  Vejdovsky)  arises  from  separate  paired  fandaraents. 
These  extend  along  the  bonndaries  of  the  mesodermal 
bands  as  they  grow  dorsad,  and,  advancing  with  them,  finally 
fnse  with  each  other  to  form  the  dorsal  veHsel.  This  con- 
dition is  of  especial  interest  from  the  fact  that  in  Plettrochceia 
(Megascolex)  the  separate  fundaments  of  the  dorsal  vessel 
ai'e  retained  in  certain  parts  of  the  body  throughout  life 
(Bkddard). 

It  appears  questionable  whether  the  cephalic  cavity  is  formed  in  the 
way  as  the  segmental  cavities  of  the  body,  or  whether  it  is  to  be 
lished  from  these.  On  the  first  assumption,  the  two  most  anterior 
primitiTe  segments  would  unite  for  its  formation,  and  therefore  outgrowths 
of  the  mesodermal  bands  must  have  crowded  forward  past  the  oesophagus 
•van  into  the  head  region.  The  outer  wall  of  the  head  and  the  muscula- 
tan  of  the  oesophagus  would  then  be  formed  from  the  somatic  and 
■pianniinic  layers  respectively  in  the  usual  way.  The  conditions  were 
in  this  way  by  Klkinsnbbbo  in  his  earlier  work,  and  Vejdovskt 
darivat  Uie  oeph^io  cavity  from  the  two  **  anterior  ends  "  of  the 
bands,  which  he  describes  as  being  fused  {Rhynchflmis). 
Oppoasd  to  this  is  the  view,  supported  especially  by  the  free-living  larvs, 
Aal  tiw  oepbalio  eavity  arises  by  means  of  a  separation  of  the  two 
genn-layars  and  by  an  immigration  of  mesodermal  elements 
tiw  tmnk  (HAncKaa).  According  to  this  explanation,  the  first 
oi  ptimitive  Mgments  lias  behind  the  head,  and  the  mesoderm  of 
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tbs  head  arisea  from  on«  wall,  or  tiDin  tha  (till  nndifftruitktad  mm- 
dermal  b&nda.  The  mboenea  ol  the  meMnterias  in  the  hamd  of  Pulg' 
gardiui  sQpportB  the  view  thmt  th*  eephklto  ea,nij  i»  not  pairad,  bat 
impaired,  in  its  origin  (HincHu). 

The  difference  between  head  oavitj  and  body  MTitj  Tuiihaa  whan — 
u  is  the  oa»e,  according  to  ELunutnao,  in  many  Annelida,  ht  inMuioa 


Fia.  1M.— ^  in  C,  put*  at  trnoul  ImMrltnillBkl  Mctiana  of  tlie  lAmoT  I 
orh(Hi;&u(.  HbowiDK  th*  apltulDit  o"  at  the  Biuol*-pl>UB  (Briar  Ki.amisBaa«; 
tundanianU  of  Mli«ero«  aac* :  f  el,  ectodarm :  nl,  aolodeiis ;  (,  mnKlioiile 
of  tha  l«r<*l  MtioDi  afatami  mp,  miucla-pIMM  i  wr,  naunl  pUtaa;  ■,  | 
MDiorr  orgaiu. 

in  I.opadorhi/rir'iiM — a  regular  splitting  of  the  mcaodNm  into  «  aoi 
and  a  splanchnic  layer  do«»  not  take  plaoe,  but  the  invaitment 
entodenn  is  effected  by  separate  cells  delaohad  bom  tha 


bands.  The  bod;  oavity  of  the  trnnk  m  auch  cases  (herefote  does  not 
repieBeat  the  cavity  between  the  tvo  lajers  of  the  meBodenn,  but  corre- 
flponda  to  the  bl&etocdBle  (IraverBed  by  meBodermal  cells},  just  as  the 
cephalic  cavit;  does  in  the  ouie  mentioaed  above.  Moreover,  in  Lopad- 
orhgiiehiu  this  also  arises  b;  no  immigration  d[  mesoderm  oetla  into  the 
head  portion.  From  this  description  it  lotlowa  that  the  formation  of  the 
liody  c*vity  does  not  always  take  place  in  bo  regular  a  manner  as  has 
been  described  above;  in  fact,  according  to  Ki^ikknuero'b  statements, 
the  (ormation  ol  the  entire  mesoderm  may  be  effected  in  another  manner. 
It  baa  already  been  mentioned  (p.  3H6)  that  in  KLKiNENBeHa'B  opinion 
the  ectoderm,  in  addition  to  the  pole  cells,  takes  part  in  the  formation  ot 
the  meiodennal  bands  of  LiinAriciu  Irapeioidei.  Cells  are  separated  off 
Iron  the  ectoderm  and  added  to  the  germ  bands  lying  under  them.    In 
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Upall9^h!lne^u■  latter  ELiimiiBito). 
inl  plau  ^  ui.luDdaiiienlof  tha(iierniuieiil) 
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L-ipadorhynehut  Rleinenbbro  derives  the  entire  meqaderm  from  the 
ectoderm.  According  to  him,  meeoderm  does  not  exist  as  a  separate 
layer.  Tbe  musoulature  of  the  Lopadurhijiichua  larva  arises  by  means 
ol  an  emigration  of  cells  from  the  eclodeim  (Fig.  134  A  to  C).  The  so- 
cttUed  muscle-pUlos  (Fig,  135  mp)  are  formed  by  a  Bplitting  ol  tbe 
thickened  Tentrol  ectoderm,  first  at  the  hind  end  of  the  larva  and  then 
■ueeessitely  further  forwards.  The  course  of  this  cell  growth,  leading  to 
the  fonnalion  of  the  mnsole-plateB.  is  evident  from  the  figures  IHl  A  lo  C. 
The  muscle-plates  of  the  two  sides  are  separated  by  a  fold  of  the  ento- 
derm. Tbe  segmentation  ol  the  muscle-plates  takes  place  alter  the 
fundaments  ol  the  iBtigeroui  snes  have  grown  in  from  the  neural  platea 
(oomp.  p.  S8T  and  Pig.  134  C).     The  limits  of  the  segments  arise  by  the 
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to  the  long  axis  of  the  body  (Fig.  135).  Aa  was  mentioaed,  iadiTidu&l 
Mils  sepatnle  Irom  the  niuscle-pl&tes,  in  order  to  apply  Uiemselvea  (like 
the  splanchnic  layer)  to  the  Inleatine.  whereas  the  remaining  port  of  the 
muBcle-plat«B  sapplies  the  musculature  and  epithelium  at  tlie  body-wall. 
Blood-vesaels  and  segmental  organs  were  not  obs^-ved  in  Lu/iuiiorhj/nchiu. 
According  to  Klkihknbkeui'b  explaiution,  with  whioh.  as  re^rds  the  ecto* 
dermal  origin  of  the  niesodenn,  Saijinbev  also  oonoum,  the  primitive 
mesoderm  cells  occurring  in  other  Annelids  must  be  looked  upon  only  as 
early  differentiations  of  ectodermal  parts.  But  when  several  or^ana  of 
altogether  different  kinds,  such  as  the  musculature,  the  blond-vascular 
and  eioretory  systema.  can  be  referrod  baok  to  such  a  oonunon  funda. 
ment,  then  the  theory  which  considets  this  fundament  as  a  germ-laviir 
is  not  unwarranted,  even  when  the  fumlamenl  at  limes,  as  in  Lcpoif- 
urliynchm,  mokes  its  appearance  in  somewhat  later  stages  and  in  a  le«s 
primitive  manner,  namely  by  Ih-e  flitting  off  of  a  cell-layer  from  one 
of  the  two  primary  gcrm.tayers. 

Wilson's  view  sbonld  also  be  mentioned  here,  according  In  whioh.  in 
addition  to  the  two  pole  cells  from  whioh  the  meaodennal  bands  arise, 
three  other  pairs  ol  similar  pole  cells  are  preoent  on  the  ventral  aide  of 
the  embryos  of  J'^iinibri<;uK.  The  three  large  cells  mentioned,  from  each 
ot  whioh  a  row  ol  cells  extends  (award  the  anterior  end  oi  the  embryo, 
lie  on  either  side  of  the  middle  line  somewhat  fsrther  forward  than  the 
pole  cells  ot  the  mesoderm  and  Bomewhal  more  superSoial,  therefore 
more  io  the  region  of  the  ectoderm.  The  innermost  of  these  three  rows 
is  said  lo  constitute  the  lundament  of  the  nervous  system,  and  the  middle 
one  that  of  the  nephridia,  whereas  the  aigniticance  of  the  ooter  one  re- 
mained unknown  to  the  author  of  this  theory.' 

The  formation  of  the  mesoderm  and  body  cavity  in  Enckftr^Mdet 
takes  place,  aocording  to  Koci-Ei  in  a  very  singular  manner,  as  tar  as  can 
be  judged  from  hie  brief  communication.  In  the  "  morula,"  which  re- 
■ults  from  an  irregular  cleavage,  an  outer  layer,  the  ectoderm,  is  split  oft 
from  a  central  mass,  while  the  latter  separates  by  means  of  a  similar 
process  into  the  centrally  situated  entoderm  and  the  surrounding  meso- 
derm.  The  lormer  (entoderm)  by  the  appearance  ol  a  oavity  in  it  becomes 
the  intestine,  while  spaces  are  fonued  in  the  mesodemi,  which  become 
oonftuent,  and  llius  give  rise  lo  the  body  cavity  between  the  two  layers 

'  [Tlie  conditions  of  the  mesoderm  have  been  further  elooidated  by  the 
recent  works  of  Wilson  (Appenills  lo  Lileralure  on  Annelida,  Nos.  XXIV, 
and  XXV.)  and  Beboh  (No.  VU.)  .  The  ori^^n  of  the  pole  cells  and  their 
relations  to  the  organs  have  been  followed  out  farther.  As  a  resutl  more 
definite  relations  of  those  parts  which  were  previonsly  held  to  be  eicln- 
■ively  mesodermal  have  been  disclosed.  A  portion  of  the  body  Diiisoula* 
lure  appears  to  be  ol  ectodermal  origin.  On  this  point  the  papen  ol 
Behoh  and  Wilson  should  be  conaulttd. — K,] 
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of  the  mesodenn.     The  sepU  are  said  to  be  formed  by  oalgrowtha  of 
eetld  from  the  Bomalic  layer,  which  unite  with  the  Bplanchaia  Uy«r  I 

Head  Kidney  and  Segmental  Organi. — -In  the  larva  of 
Eupomatttt  the  head  kidney  arises  by  (he  outgrowth  of  a 
cell  Ijring  in  frout  of  each  pole  cell  of  the  mesodermal  bands. 
Some  other  mesoiiermftl  cells  take  part  in  their  formation, 
for  they  snpply  the  spheroidal  cells  which  rest  npon  the 
inner  blind  end  of  the  head  kidney  and  elongate  into  the 
ligament-like  threads  of  attachment  of  the  organ  (Fig.  USB, 
p.  265).  In  addition  to  the  formation  of  the  head  kidney, 
the  few  cells  of  which  the  mesodermal  hands  at  first  con- 
sist ai'e  farther  employed  for  the  formation  of  the  larval 
mnscles.  Only  the  two  pole  cells  remain.  These,  by  re- 
peated division,  supply  the  new  mesodermal  bands,  which 
Uatschek  designates  as  secondary  in  contrast  to  those 
primary  ones  which  were  early  pnt  to  nse.  Later  they  reach 
the  great  development  which  has  ah'eady  been  described. 

According  to  HiTCCHEK,  the  femaining  segmental  organii 
originate  from  the  head  kidney,  for  a  small  ciliated  canal 
(in  Polt/gardiaa),  rnnning  in  the  somatic  layer  of  the  meso- 
derm, branches  off  from  each  head  kidney  at  the  junction  of 
its  two  arms.  The  nephridia  are  said  to  be  given  oS  from 
this  canal,  one  to  each  segment  (Fig.  13C),  While  the  head 
kidney  degenerates,  they  reach  their  final  development. 

Hatschee'b  deBCription  hn  met  with  little  recognitioa,  tor  it  could  Dot 
be  Babetuitialed  by  subsequent  investigators  (Fhaipoiit).  However,  the 
diBcoveriei  recently  made  by  E.  Mbies  on  certain  Terebellidai  [Laaift, 
LoiiKia)  show  the  observations  of  Hatbcubk  in  a  new  light.  In  the  two 
Annelidi  mentioned  the  nephridia  are  united  by  means  of  a  [longitudinal, 
blindly  ending,  commoit]  duct,  which  eitendB  far  backward.  The  dis- 
charge takes  place  throngh  as  many  [BucceBsive  lateral]  canals  as  there 
ore  nephridia  present,  but  these  canals  are  connected  with  the  nephridia 
only  indireetly,  i.r.  by  means  of  the  common  duct.  In  Ihe  Capiiellidic 
alio,  according  to  Eisiu.  connectiona  between  the  different  nephridia 
exUl  in  the  lorni  of  ciliated  canaU.  We  do  not  intend  to  assert  that 
any  great  importance  is  to  be  ascribed  to  these  conditions,  for  in  the 
first  place  their  development  is  not  known,  and  then  the  nephridiat 
sjsUnn  ol  the  Terebellida  (and  CapiLellidn)  is  shown  to  be  essentially 
modified. 
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A  connection  between  all  the  segmental  organs  is  found 
by  Hatschek  in  Criodrilus  also,  for  they  are  said  to  arise 
from  a  cord-like  thickening  of  the  somatic  layer,  whicb 
extends  the  whole  length  of  the  body  dorsal  to  the  Tsntrftl 
longitadinal  maactes.  These  cords  are  then  separated 
segmentally  into  loop-like  parts,  the  fundaments  of  the 
nephridia.  Tbe  latter  acqnire  lumina.  and  open  into  the 
body  cavity  in  front  of  tbe  segment  to  which  they  belong 
throngh  the  fotnre  funnels,  and  finally  fnse  at  their  posterior 
ends  with  the  ectodermal  wall  to  form  the  estemal  openingB. 
The  funnels  and   nephridial    dncts   arise   separately.      But 
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these  statements  of  Hatschek  also  find  opponents  in 
Vbjdovbki  and  Bgboh,  according  to  whom  the  segmental 
organs  of  the  Oligochteta  itrise  from  separate  fnndamente 
by  the  growth  of  the  cells  in  the  somatic  layer  and  in  the 
partition  walls  of  the  primitive  segments.  Fig.  137  A 
shows  that  at  the  boundary  of  the  septnm  and  som&tio 
layer  there  is  a  considerably  enlarged  cell  (ti).  It  con- 
tribntes  especially  to  tbe  formation  of  the  funnel.  Behind 
it  other  cells  of  the  somatic  layer  arrange  themselves  into 
a  cord  of  cells  (Fig.  i:J7  B>,  which  constitutes  the  fnnda- 
ment  of  the  nephridial  duct.  In  it,  as  also  in  the  fnnnel, 
a  lumen  makes  its  appearance  later;    tbe  entire  structnre 


becomes  covered  with  peritoneam  (Fig.  137  C,  pt),  and 
pressee  its  way  out  towards  the  ectoderm,  in  order  to  fase 
with  it  directly,  or  with  an  inv^nation  of  it  (Bbboh, 
No.  7),  which  forma  the  terminal  portion  of  the  dnct,  or 
collective  reeicle,  when  snch  is  present  (Vejdovskt,  No.  43). 

AMOrding  to  the  abBervationa  of  B.  Mktxr  (No  SI),  the  thonde 
nephridia  of  Piygmohrajichus  »re  composed  of  Mpanto  parts.  .The 
nephridul  dnata  anse  from  large  mesodenn  cells,  which  are  loDod  in  the 
blmatoccele  of  the  Iftrva ;  the 
funnels,  on  the  oontikry,  and 
the  peritoneal  covering  of  the 
nephridia  are  lappUed  later  by 
the  primitive  »egineDt8.  The 
ends  of  the  nephridial  tubes 
open  to  the  exterior  bj  means 
of  proTisional  pores,  which 
)»t«r  occnpy  the  floor  of  a 
ciliated  grooTe,  which  closes, 
and  represents  the  anpaired 
ectodermal  efferent  duet  of 
these  two  so  peculiarly  con- 
stituted nephridia  ol  Piifgiaa- 
braMhiii. 

Genital  Orgaru.  —  The 
development  of  the  sexnal 
gflands  is  very  simple  in 
both  the  Polychirta  and 
OUgochata.  They  arise  as 
growths  of  the  peritoneal 
epithelinm  on  the  septa, 
or,  as  frequently  in  the 
Polt/ehala,  on  the  invest- 
ment of  the  blood-vessels. 
The  genital  gland,  which 
in  Lumbricug  is  dietin-  ttrnBp'hHdi)r.r«p'i»'! '■^,  ««°^c,  ^^ 
goishabte  even  dnrin^  spUnchnio  Ujsr  of  chs  maodsnni  t. 
cocoon  life  (Beboh),  eepa-  '""'  '  ''■  "'°*  "  ' 
rates  from  the  peritonenm  as  the  result  of  a  rapid  prolifera- 
tion of  the  cells,  and  gradually  assamea  its  permanent  form 
(Fig.  138  A  to  D,  after  E.  Mbter).    The  genital  prodacts  are 


Pie.  137.— A  in  C,  pirti  of  lonKltiicllDSl 
sacUiHH  (brongh  embryoi  of  Crimlriliii, 
showing  th*  dSTalopmeiil  or  th*  noptarldls 
(sfur  Bims).    4'-t,  ectoderm;  h.  cavitj  r>f 
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liberated  one  by  one  (Fijf.  138  D),  and  either  nndei^o  their 
further  development  while  floating  free  in  the  body  cavity. 
OP,  an  in  the  case  of  the  testicular  cells  of  the  eaj-thwomu, 
reach  special  vesicles  (vesiculffi  aeminalea),  which,  accordinff 
to  Bebgh  (No.  5),  arise  on  tbe  septa  by  means  of  a  process 
of  fjrrowth  and  invagination. 

The  ducts  of  the  sexual  organs  are  to  be  looked  upon  as 
more  or  less  modified  segmental  organs.     They  arise  in  the 


same  way  as  the  nephridia  themselves,  except  that  the 
fnnnel  is  formed  earlier  than  in  the  actual  segmental  organs 
(VtJi>ovsKv).  The  entirely  independent  origin  of  the  efferent 
ae:(UBl  ducts  from  the  nephridia  and  the  simaltaneons  occur- 
rence of  both  organs  in  the  same  segment,  as  happens  in  the 
eai'thworms,  form  no  argnment  against  the  origin  of  the 
ducts  from  nephridia,  since  in  some  Annelida  {CapihlliiLe, 
according  to  Eisiu)  several  pairs  of  nephridia  occnr  in  the 
same  segment.     In  the  earthworms  especially,  many  things 
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Reem  to  saggest  that  two  pairs  of  nephridia  originally  be- 
longed to  each  segment  (Benham).  The  metamorphosed 
segmental  oi^ns  function  in  the  following  manner :  the 
funnel  takes  up  the  genital  products  out  of  the  body  cavity, 
the  nephridial  ducts  pass  them  onward,  and  the  part  dis- 
tended into  a  terminal  vesicle  serves  as  a  genital  atrium. 
But  the  terminal  portion  in  the  male  apparatus  of  the 
Oligochaeta  may  be  metamorphosed  into  an  evertible  copu- 
latory  organ  (thus  in  Stylodrilus,  No.  43). 

The  receptacula  seminis  have  also  been  traced  to  nephridia, 
of  which  only  the  ectodermal  vesicular  end  portion  is  assumed 
to  develop ;  but  Bergh  prefers  to  consider  them  metamor- 
phosed dermal  glands.  They  arise  as  tubular  invaginations 
of  the  epidermis  into  the  interior  of  the  body  cavity,  and  are 
surrounded  by  the  other  layers  of  the  body-wall  (Vejdovsky, 
No.  43;  Bkkoh,  No.  5). 

Entodekmal  Structures. 

Intestinal  Canal, — In  the  Polychceta  and  Oligochceta  we 
saw  that  the  intestine  arises  from  portions  of  all  three  germ- 
layers.  The  permanent  mouth  is  generally  found  at  the 
place  of  the  blastopore,  a  depression  of  the  ectoderm  taking 
place  here,  so  that  the  fore-gut  (just  like  the  hind-gut,  which 
arises  later)  is  an  ectodermal  structure.  In  those  cases  in 
which  the  larva  arises  from  an  epibolic  gastrula,  and  the 
blastopore  does  not  become  the  mouth,  as  in  Bhynchelmis 
and  Psygmobranchus,  the  fundament  of  the  intestine  at  first 
consists  of  a  solid  entodermal  mass  rich  in  yolk  (Fig.  128  ^ 
and  Bf  p.  280).  The  entodermal  wall  of  the  mid-gut,  by 
means  of  which  the  yolk-mass  that  still  remains  is  absorbed, 
arises  by  the  disintegration  of  the  more  central  cells,  while 
smaller  cells  at  the  periphery  with  less  food-yolk  are 
separated  from  the  rest  of  the  mass  and  form  an  epithelium. 
In  this  condition  the  intestine  consists  of  a  sac  closed  on 
all  sides.  The  fore-  and  hind-guts  are  formed  by  its  union 
with  the  ectoderm  in  front  and  behind. 

The  share  which  the  two  ectodermal  invaginations  take  in  the  forma- 
tion of  the  fore-  and  hind-guts  is  said  to  be  very  variable  in  the  different 
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Annelida  (Salensey).  Thus  the  (EBoph««;as  ma^  be  tormoil  at  Mlodcm 
{Pilealana,  L'lmbrieai).  but  il  is  maintuned  that  it  ra*;  alw  be  fat  tit* 
greater  part  ot  enlodermal  origin  (Fiygmiilininchiit,  RhiiKlulmii).  Tho 
cand[Iiong  in  iMpadorhynehiu  are  peculiar;  bsre  the  wide  ctlUtod 
Momod^nm  (the  larval  fore-Kut)  it  not  diTectly  oonvcrtad  iniA  thi 
i«BOpha(cua,  but  eon>titutes  a  traniitorf  Btmcture.  On  the  wall  ot  Iti* 
Htomodsuin  two  oushion-tike  Ibickeninfji  -aitke  their  appeanuue,  which 
beooas  hollow,  and  tana  two  small  bho«  (FigB.  ISD  and  135  m).  Th«M 
become  ooiuiderablf  enlarged.  Burroond  the  Btoniod»utn.  and  floallj 
Krow  together,  after  the  atomodieum  hai  aloBed  and  «epBral«d  Iran  Ik* 
ectoderm.  The  detached  Blomodamro  is  now  seen  as  a  ei 
nurrounded  bj  the  likewise  saccular  tesophagna.  This  flnallf  t 
permanently  with  the  ectoderm  and  entoderm  (KLEiiiEloiaan), 
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randamtntof  Ui«  eeptMrn- 

'(lit  or  ibi  larva)  ^  ^  (*a> 


The  mnBonlatQre  and  peritoneal  cov<>n'Ti);  of  th*  tntMtina  ^^9 
are  sapplied  hj  the  Bplnnehnic  Inyer  of  the  meMdeitn.  Tlie  ^^9 
chlorogogenoDs  cells  which  Hnrronnd  the  intestine  are  oon — —  ■■ 
Bidered  bs  excretoi^  organs,  and  have  the  same  oriffin  Mid^^^^ 
significance  iw  the  so-called  pericai-dial  fflnndii  oocnrring  uil  •  ^ 
the  blood- vase nlar  Bystem,  and  are  also  ontgrowths  o!  th^*- 
Mune  layer  (Grobrkn).  In  the  Luinbticidn!  the  (yp^ltaon^K- 
arises  in  the  dorsal  median  line  of  the  intestine  tu  ft  in 
less  deep  ^roovO'like  infolding  of  its  entire  ntW. 
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4.    Non-sexual  Reproduction;  AHematkHi  of 


The  Chstopoda  poMcas  to  a 
the  body  thftt  haTe  been  lort; 
bod  J,  but  alflo  the  more  iiiiT|nrtft 
ing  mouth  and  bnin,  eui  be 
regeneration  paaees  into  a  kind  of 
when  the  body,  as  in  LmmkriemiMu 
pieces,  each  of  which  is  able  to 
Approaching  doeel  j  to  this  is  t 
Annelida,  doeely  allied  to  the 
plying  throoghoot  the  year, 
{CtenodrUug  wumothflm^ 
duces  in  the  most  primxtire 
way :  a  constriction  is  fonned 
on  the  body  immediatety 
behind  a  septonif  and  be- 
comes deeper  and  deeper 
until  the  worm  falls  into 
two  parU  (Fig.  140  J).  Of 
the  two  resulting  parts  the 
anterior  is  thos  without  ao 
anus,  the  posterior  without 
a  head.  This  prinutire 
kind  of  division  may  go  so 
far  that  parts  arise  which 
are  destitute  of  both  head 
and  anus,  and  at  times  con- 
sist of  only  a  single  sfgnifiit 
(Fig.  140  B).  Head  and 
terminal  parts  are  formed 
by  the  thickening  of  the 
integument  (hypodermis;« 
which  sends  inward  plog- 
like  ingrowths  that  mute 
with  the  intestine.    In  this 


parts  of 
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y  mso 
nmii  hrto  a  perfect 
of  ooe  of  the 
whkb  is  foand  actively  molti- 
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way  the  mouth   and  aoos 

arise.    The  new  segments  that  are  to  be  fotmed  are  interpolated  between 

the  newly  formed  anus  and  the  preceding  seipneot. 

Less  primltiTe  is  the  condition  in  snc4hw  worm  belonging  to  the  same 
genus,  CtenodriluM  pardalu^  which  likewise  wts  found  only  in  a  state  of 
non-sexual  reproduction  (t.  ExsniEL).  In  this  case  thickened  zones* 
corresponding  to  the  anterior  and  posterior  ends  of  the  worms  about  to 
be  produced  (Fig.  140  C),  are  formed—eiren  here  in  a  simple  way,  it  U 
true — ^before  the  division;  that  is  to  say,  a  so-caUod  budding  aooa  r 


the  brain,  aa  wel 
the  aeveial  parti 


FMnBT(tl,0OT 


fnunil  at  this  poial.  vhere  thi 
CUitoilnliu  fHirditlu  each  porti 
the  budding  : 


o  be  repeated  seKmentally.  While  the;  >lill 
I  one  inother.  the  cephalic  lobe  [pitMtomlani]  uul 
us  the  oral  and  anal  invaKinalioiw,  are  •)«^'rlop•ll  on 
na.  The  ite^tree  ol  development  in  which  tlie  hum 
s  trom  behind  forwards  (Fig.  140  C}. 

Some  Polyohf  la  and  those  Oli^iochntA  in  which  non-aeiiul  rqirodoe- 
tion  iH  known  are  like  Ctenodrilus  in  bo  tar  aa  they  alao  ttirid*  In  ■ 
condition  in  which  do  genital  orgonB  are  preuent.  In  the  Pr^talM 
described  by  Huilbt  a  budding  lone  arises  between  the  niileenth  and 
Herenteenth  eegnientB  ;  then  tallows  the  lormatian  of  the  procUnainm  ot 
a  new  individual  in  the  seventeenth  segment.  In  Ihia  eaae.  haw«nr. 
ittter  the  separation  both  individuaU  become  sexually  matnra.  Tb* 
conditions  are  similar  in  the  S'lididit,  in  which  they  were  Ihorauglllr 
studied  by  SsHPBn.  These  worms  also  reproduce  by  divisioD  is  lb* 
sexually  immature  condition  only.  The  body  ol  the  womi  may  be  Brat 
aepBral«d  hy  a  huddins  zone  into  two  regions;  then  nsw  badding  aona* 
are  interpolated ;  thai  is  to  uy.  fundatnenta  of  younger  animal*  ariwi  ia 
the  individuals  already  established.  This  process  is  kept  up,  not.  how- 
ever, serially  (rom  in  front  backwards,  but  in  such  a  way  that  indindnala 
ot  quite  different  ages  oome  to  lie  one  behind  anolhar.  Whui  tbe  chain 
has  reached  a  certain  stage  of  development,  it  separate*  into  the  diflermt 
indi«iduals,  which  now  reach  their  Hnal  shape  by  growing  consldarabiy. 
by  increasing  the  nnniber  of  their  segments,  and  by  maturing  their  aniial 
organs. 

The  cases  ki-t  considered  were,  it  is  true,  those  of  aninaU  withoal 
seiual  organs,  which  multiplied  non-snxually :  Soally.  howerer,  all  in' 
dividuais  acquire  sexual  maturity,  and  are  uol  distinguiahable  trom  o«M 
another  in  shape.  The  eondilions  are  diffetent  in  thosa  Poljahwu  in 
which  new  individuals,  which  become  sexually  mature,  are  eonliimallj 
being  separated  off  trom  the  hinder  part  ol  the  body  of  an  indindnal  that 
remains  [sexually]  sterile,  a  process  that  is  to  be  pUced  alongiid*  ilMi  of 
strobiliaation  in  the  Scyphomeduse.  Thus  in  Aulolyltm  {moeortatf  to 
KttoHK  and  Aaissiz)  there  are  toniied.  hy  the  budding  nl  the  pwwnt. 
Diftle  and  female  animals,  which  lie  in  a  chain  one  behind  tha  otba* :  ot 
these  the  most  anterior,  the  one  lying  nearest  to  the  paiwit  aniwat.  ■* 
the  youngest.  They  separate  from  the  chain  according  to  thtir  attca. 
The  sexually  mature  animals  are  essentially  d!ffer*nl  in  aha|w  fron  tte 
budding  forms,  so  tliat  the  two  were  formerly  ■asignad  to  JlSanni 
species.  The  sexual  animals  appear  to  copulate ;  for  in  a  bfioad*tiondi 
ol  the  female  the  eggs  develop  into  the  vorm  whieb  rabsoquantlj  twfco- 
duees  by  badding.    This  is  therefore  a  genuine  aKmafsun  tf  iMafnsMaaa. 

Similar  conditions  of  reproduction  are  found  in  •ome  SyUi^.  tnm 
the  budding  individuals  of  which  are  delached  seiual  animals,  «hicli,  by 
tbe  great  development  of  Ihcir  p>TB|?odia  and  sel>  and  by  thair  ■cU- 


developsd  orienting  ftpparatos,  ue  especiallj  well  adapted  to  a  Irea  life. 
They  iwutn  abont  tud  Mcnre  tbs  aeaBnuitj  digtribntioa  of  the  sexual 
prodaota,  whereas  the  less  aoiiTe  badding  form  Temaine  at  the  bottom  of 
the  M*.  The  extensive  development  o(  the  patapodia  is  completed  even 
while  the  bode  are  ^11  connected  with  the  parent.  This  reoalls  the 
condition  of  certain  Utreida,  in  which  new  Beta,  better  adapted  lo 
swimming,  make  their  appearance  on  the  posterior  port  of  the  bodj  at 


-Pikrt  ot  k  itook  ot  Sirltu  lamim  (aDTnew 
and  (iwn  a  rnpa^^ioo  "t  tbe  Chaltnt#>r 
icbaa  (biDoghout  U»  antire  >tock.    Tbe  ilook  i 


..  plu. 


the  time  of  seinsl  matnrity  (t/ntokat  form) ;  these  give  to  tbe  sexuall; 
mature  animals  an  entirel;  different  appearance  from  that  of  the  young 
fonn  (so-called  nfoJlEiiI  form),  so  that  here  also  the  sexually  mature  and 
the  yonng  forms  were  assigned  to  diSerent  species  and  genera.    In  the 
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^^^^^^K  Kertidr.  however,  the  hioder  part  ol  the  body.  IhiU  oiuippad,  dom  out 

^^^^^B  bBoome  detauheJ,  but  its  better  equipment  servea  oiil;  to  fkciliMM  Uw 

^^^^^V  locomotinn  of  the  sexually  mature  animal  (EuLaaa).    Bot  in  any  arMit 

^^^^B  the  uondiliona  eiiating  in  the  Srriiilir  and  SyltiJa  ate  ooiaparabl*  with 

^^^H  Under  the  influence  of  special  conditions  of  lite  the  rcprodoaliaa  of 

^^^H  the  SglHiUr  ma}!  assume  a  very  peculiar  form.    In  the  iponit*,  JdlorkoMf, 

^^^B  and  nther  HexaatinelUda)  a  Syllii  has  btwn  foood  (UrlaToui).  on  wUnb 

^^B  new  individuals  arise,  not  only  ono  atlct  another,  but  aUu  bjr  Ularal 

^H  budding   {Syllit   ramua,   ¥\g.   HI). 

^^B  /^'V                             ^  geuuioe  etuok  i>  lumidd  in  tbi*  ia- 

^H  *t-^^w                        stance,  the  branche*  ot  wbiob  aabmd 

^H  ^^                                          without  limit  in  the  canal  ajitani  ot 

^V  the  sponge.  For  the  btmoehH  in  tOn 

^K  have  the  )xiwer  ot   prodaeing  am 

H  buds.    These  detach  tlwinMl*M  tMMB 

■  ''>^^  '''^  '*"''''  '*  "'*'"  *"''  '"'"*'*  ■■■o*' 

■  ^^r~^  V  *<ii<">lB  (t'~<e-  14>)  i  "id  •iiioa  Um7 
I  ^_  -t\\.^  "'«  provided  with  better  mnmnu^ 
I  j^  m  '''  ~"^»L  apparatus,  and  with  Mp*eially  wall 
V  M  ^^  developed  eyes,  one  can  naSily  ■■' 
n  m  ^  sume  that  thej  abandon  the  ipon^, 
I  ^  and.  (warmiDg  about  tree  in  ttut  aea. 
h  Fia.lU.-liiurKir|nR«r*lkm.le  '^"'*  '  '"''«"  diMiihuUoo  ol  Iha 
I  Indlildaal.  lueb  u  li  touad  In  the  seiual  products.  Their  dtuoendanla. 
I  apooKa    u«ks  lobahltod   hjr   Syllit       which  they  produea  by  Hxaal  mcwu, 

■ «pw«.     The  animal   le  BUid  w»b       x^^m   migrmU   back,   it  ii  to  ba   ae- 

^^H^  ans.    Tbe  larf  e  .T»  no  b.  r«o».               ^    j^       tpomM.      In   lliia    li 

^^^K  DUedoD  the  head  (■(WrMrlltoHX          ""^™'   """   "Iw-B^      ■■•    •"■    " 

^^^^H  leriHtine    eaM    tb*    altivaalwt    i 

^^^^H  ftiuTiUim*  comliiiifd  icilh  ttiKk-fiirmalhn  is  partionlarl;  vvidant. 

f 


ECHIURtDvE. 


Echiu 


TholaMema ;  DoTifUia. 
While  Bonellia  vindii  la^s  ita  efnpt  in  llie  form  uf  tt  thicJ 
tnrtnoas  cord,  connisting  of  a  golatinous  mawi,  in  wiiicb  t| 
egg»  lie  in  several  rows  (Spkdoki.),  Uil'  TltaUtnna  owM 
obsei-red  by  Clink  diachar^a  its  ^gs  aud  Hjiertnntoton  J^ 
in  the  sea,  so  that  with  this  Animal  artiScial  fertiliu 
coqM  be  nndertalcou. 

1.    Cleavage  and  Formation  of  the  Gernr>-layj 


The  cleavn^e  of  the  ejfg  » 
Bonellia.     An  aniniiil  portiu 


as  closely  stndied  by  Spe! 
of  the  agg,  consisting  ofl 
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t^r&nalar  protopUam,  can  be  distiagnished  from  a  yoli^-Iaden 
vegetative  pole.  The  cleavage  correapondH  with  this  condi- 
tion. At  fimt  the  egg  is  divided  into  four  large  apheres  by 
cleavage  along  two  meridional  planes,  but  then  fonr  small 
blaatomeres  are  constricted  ofE  from  these  at  the  animal  pole. 
By  division  of  the  latter  and  the  formation  of  a 
from  the  mai^romeres,  the  uumhei'  of  the  small  i 
spheres  rapidly  increases ;  they  spread  out  over  the  four  large 
spheres,  and  finally  envelop  them  completely,  prodncinp  an 
epibolic  gastrula  (Fig.  143  A).  The  small  cells  that  ai-e  now 
being  constricted  ofE  from  the  macromeres  no  longer  reach 
the  aarface,  but  remain  lying  nnder  the  layer  of  micromei-es. 
They  form  the  entoderm.  Inside  of  these  the  fonr  mocfo- 
meres   are   still   retained  for  a  while.      In  the  region  of   the 


I 


» 


Tha.  ia.~A  kD.1   B.  embrf  u«  of  Bon 
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blastopore  there  appears  a  layer  of  eells  (Fig.  143  B),  which 
anrrounds  the  blastopore  in  the  form  of  a  circle.  Spenijki. 
believes  this  to  have  arisen  by  a  migration  inmard  of  the 
micromere  layer.  Me  interprets  it  as  the  fundament  of  the 
mesoderm  (Fig-  143  B,  mn). 

Cleavage  and  the  formation  of  the  germ-layers  in  Thalan- 
lema  (KowALETt^KV,  Co.nn)  do  not  take  place  in  the  same 
manner  as  in  liottrliia.  In  Thabuseina  cleavage  ia  eqnal,  and 
its  rosnlt  is  a  blastula  from  which  an  invagination  ga.strula 
arises.  To  he  sure,  the  latter  is  not  altogether  typically  ex- 
pressed in    'i'halastema   mellita,   for  the   iavaginatloii  merges 
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into  an  in^owth  of  cells  (Fig.  144  A).  Asia  the  later  stages 
of  the  epibolic  gastrula  of  Bonellia^  here  also  the  entoderm 
consists  of  a  solid  mass  with  an  outer  differentiated  cell-la jer 
and  an  inner  jolk-mass  (Fig.  144  A). 

2.    Larval  Form  and  Metamorphosis  of  Echiurus 

and  Thalassema. 

The  EchiundsB  possess  free-swimming  lame,  which  exhihit 
niore   or  less   clearly   the  form   of  the    Troehophore,     The 
development  of  the  gastrula  into  the  Troehophore  takes  place 
in  Thalassema  by  the  appearance  of  a  thickening  of  the  ecto- 
derm at  the  upper  pole,  the  fundament  of  the  apical  plate. 
This  place  becomes  covered  with  a  tuft  of  cilia  in  the  same 
way  as  in  the  larv®  of  the  Polychteta.     At  an  early  stage 
cilia  make  their  appearance  on  the   outer  surface  of  the 
embryo,  and  these  are  said  to  traverse,  as  in  Eupomatwt^  the 
epffjf-membrane,  so  that  the  latter  would  become  the  cuticnla 
of  the  larva  (Conn).     Even  during  the  gastrula  stage  a  circle 
of  long  cilia  makes  its  appearance  at  the  equatorial  circum- 
ference of  the  larva  (Fig.  144  A),     Below  it  lies  the  blasto- 
pore.    The  cavity  of  the  intestine  arises  as  the  result  of  the 
absorption  of  the  central  yolk-mass  by  the  rapidly  multiply- 
ing entoderm  cells.     It  becomes  connected  with  the  outside 
world  by  means  of  the  month,  which  is  formed  at  the  place  of 
the  blastopore.     By  the  outgi-owth  of  the  hinder  part  of  the 
lar\'a  the  mouth  comes  to  lie  more  on  one  side  (on  the  future 
vent  ml  surface)  immediately  under  the  band  of  cilia.     The 
latter  is  then  diffei-entiated  into  a  row  of  cilia  lying  in  front 
of  the  month  and  one  lying  behind  it  (Fig.  144  B).    In  addi. 
tioii  a  cilintion  makes  its  appearance  in  the  middle  line  of  the 
venti-al  surface.     The  intestine  grows  so  much  in  length  that 
it  lies  in  lo<ij)s.     This  is  particularly  true  of  theanteriiir  i^rt. 
The  terminal  portion  fuses  at  the  hind  end  of  the  larva  with 
the  ectoderm,  thereby  giving  rise  to  the  anus  (Fig.  144  i>i. 
Foi*e-  and    hind-guts,  according   to   Coxx,   are   entodermal 
formsitiona  (?).      Mesenchymatous  musrle-cells  extend   W- 
twren  the  eotoderni  and  entoderm  of  the  lar>'a,  and  at  the 
hind  end  lie  two  band- like  cell  complexes,  the  mesodermal 
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tftnds  (Fig.  IW  B.  met).  Conseqaently  Uie  larva  of  Thaliu- 
semn  poesesses  the  greatest  aimiltirity  to  tbe  Tritohophore 
of  the  other  Anuelidn,  The  Bamo  applies  to  the  larvti 
of  Echiurtis  (Figs.  145  and  146),  the  structure  and  meta- 
TnorphoHiB  of  wbicb  were  thoroughly  studied  by  Hatschkk, 
who  establiBhed  the  presence  of  a  head  kidney.  This  paired 
oi-gan  conHintR  at  first  of  a  simple  canal,  which  opens  to  the 
exterior  on  the  ventml 
side  at  the  anterior  end 
of  the  mesodermal  bands. 
X>ater  there  la  added  lo 
this  primary  head  kidney 
U  secondary  branch,  which 
ia  ranch  ramified  (Fig. 
145).  Altogetbertbe larva 
nadergoes  a  number  of 
changes,  until  it  arrives  iit 
the  height  of  its  develop- 
ment, and  the  larval  organs 
begin  to  degenerate.  This 
ifl  trae  of  some  other  meso- 
dermal structures  as  well 
as  of  the  head  kidney.  In 
Addition  to  the  ranecles 
characteristic  of  Acnelid 
larvw,  which  extend 
through  the  blaftoi'a-le. 
there  appears  in  Echiurua 
under  the  ectoderm  a  fine 
membrane,  which  arose  by 
ibe  union  of  branched 
Tueaodermal  cells  and  is 
characteristic  for  tliis 
larva.  The  mesodermal 
bands  are  developed  in  the 
manner  typical  for  tiie  Aunelida.  The  pole  cells  lie  at  their 
posterior  ends,  whereas  the  differentiation  begins  at  the 
anterior  end.  It  is  here  that  they  are  first  many-layered, 
and  that  they  separate  into  the 


i]>iCBl  plate. 
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latter  acqnire  cavities  and  enlarge  in  the  well-kn 
Jast  as  in  the  other  Annelida,  no  in  the  Echiurtdv  (Fig. 
145),  there  is  established  an  internal  segmentation,  coire- 
sponding  to  which  thei'e  is  an  outer  one,  in  so  far  as  a 
large  number  of  eegmental  ciliated  bands  make  tbeir  appear- 
ance on  the  posterior  part  of  the  Kchiurua  larva.  Bnt  this 
s^nientation  is  only  tern poniry,  for,  lilce  the  bands  oC  cilia,  the 
septa  between  the  cavities  of  the  segments  also  degenerate. 
Of  the  fifteen  primitive  segments  which  were  bei;on,  only  the 
somatic  and  Hplanchnic  layers  remain,  and,  as  the  result  of 
the  disappearance  of  the  septn,  the  secondary  body  cavity  of 
the  trunk  unites  with  the 
pi'imitive  head  cavity.  Like 
the  cavity  of  the  trnnk.  the 
head  cavity  is  also  tra- 
versed by  branched  cells 
(Fig.  146),  and  since  these 
are  in  part  applied  to  the 
ectoderm,  the  derrao-mnscn- 
lar  sac,  which  was  estab- 
lished in  the  trunk  at  an 
earlier  period,  is  also  deve- 
loped in  the  head  regioo- 

The  nervous  systeni  is 
also  established  in  the  larva. 
On  either  side  of  the  ventral 
ciliated  groove  arise  thick- 
enings of  the  ectoderm,  from 
which  small  nodnlar  pro- 
cesses grow  innard,  and 
■re  iiidicM«ii  iijr  iho  diiB  u  lbs  aarftiai  unite  segmentalty  into  large 
ma.^aes  of  cells,  the  ventml 
ganglia  (Figs.  145  and  14(J).  In  this  way  the  lateral  corda 
arise,  to  which  a  middle  cord  is  added.  The  lotter  sepa- 
rates from  the  ectoderm  of  the  ciliated  groove.  At  first 
the  entire  ventral  coi-d  is  still  intimately  united  with  the 
ectoderm,  but  the  latter  gi-adually  detaches  itself,  and  the 
Tentral  cord  thereby  acquires  a  deeper  position.  The  funda- 
ment of  the  supra-iesophageal  ganglion,  which  is  small  in  the 


I 


ANHiiLIDA  309 

fally  formed  animal,  we  have  already  identified  aa  the  apical 
plate.  From  it  two  cords  extend  backwards,  embrace  the 
month -opening,  and  unite  with  the  ventral  cord.  In  this 
way  are  formed  the  cesophageal  connectives,  which  are  nn- 
nsnally  large  in  the  Echiuridse  (Figs.  145  and  146  se). 

The  anal  vesicles,  which  open  to  the 
exterior  along  with  the  intestine  (Figs. 
145  and  146),  do  not  arise,  as  was  sup- 
posed, from  the  intestine,  bnt  are 
formed  in  the  somatic  layer  of  the 
mesoderm.  They  lie  here  in  the  ter- 
minal segment  of  the  body  as  two 
compact  cylindrical  stractnres,  which 
later  become  hollow  and  nnite  with 
the  ectoderm  on  either  side  of  the  anas. 
At  the  same  time  they  ffrow  inward. 
Their  middle  part  is  distended,  and  the 
inner  end  opens  free  into  the  body 
cavity  by  means  of  a  ciliated  fnnnel 
(Fig.  146  ab).  Their  entire  mode  of 
origin  proclaims  the  anal  vesicles  to 
be  nephridia,  which  only  secondarily 
entered  into  connection  with  the  hind-  "a 

gat.  y'o.     lu.— LivTk    of 

The  intestine  is  no  longer  so  wide  in  »=''**™'  '•""  "»"■ 
comparison  with  the  entire  body,  as  is  *■■<<:]»  i  b,  cinia  of  hm 
to  be  seen  in  Pig.  146 ;  on  the  con-  ^'  T'\n^!^nt-  '« 
trary,  it  has  grown  more  in  length  and  mmitb;  *,  Tsatni  chain 
makes  several  turns,  which  sabse*  "'  s"giim;  «,  ««ipb»- 
qnently  are  still  more  emphasized.  In  ^pi.^)  »t,  Tmumi  m 
the  meantime  the  larva  has  also  altered  oBdoua  xtc. 
externally,  in  that  its  transverse  dia- 
meter has  decreased  in  proportion  to  its  longitudinal 
diameter  (Figs.  145  and  146).  On  the  surface  the  rows  of 
dermal  papillie  became  noticeable,  and,  just  aa  in  the 
Chmtopoda,  the  nncinate  setce  which  are  formed  in  the 
setigerons  sacs  (immediately  under  the  ectoderm)  break 
throngh  to  the  ontside  (Fig,  146).  The  further  development 
consiste  first  of  all  in  an  active  growth  of  the  hinder  portion 


of  the  body,  which  thus  approaches  the  form  of  th*  wlalt 
worm.  B«  cnn  be  seen  from  the  larval  xtaffe  of  Thakutrma 
in  this  stage  ibe  ctlialed  banda  ki« 
gradual  ruduL'tJoii  of  thme.  which 
noon  taken  place,  the  larva  appnwchm 
more  and  more  the  shape  uf  tbe  adult 
animul.  The  oral  and  preoral  parts  of 
tlie  lai-va  are  transformed  into  th«  pro- 
Mlomium,  whereas  the  hind  {tart  itUI 
gi*owB  in  length. 

Larval    Form   and   Metamor- 
phosis of  Boneilia. 

The  larva  ">f  litm'Uia  rewmblen  the 
Triicht-plioTt  lewi  llian  do  the  larrw  of 
h'fhiniiu  and  TfuiliiMenia,  althoQKh  ii 
niflo  cHn  he  referred  to  the  Troehifliare. 
Kvidently  it  is  mnt^h  modified,  as  is 
praved  by  its  internal  orKaniaation, 
which  is  less  adapleil  to  a  fn>o  lifi!. 
We  follow  Spk»i».l  in  deneribing  the 
development  of  Htmetiia. 

Til*   IsrvB  of    Penrilia,  which    i 
Kpherioal,  jiuMeew*,  in  sdililioD  U>  iha  m 
tuiDd    of  cilia.   ■   {HHtvnor  un*  ifig.   IMJ)., 
Tlie  nnlerior  to  >[!  ijipesniiMii  o 
the    uiturlur   oiliiltHl   band  ol   the   1 
Thalaatma  anil  Htkionu,  ts[iMiall;  ■ 
tlie  l&ttcr  a  bam!  <il  «iliit  in 
rrgion  of  the  Buus,    Anlvriurlj  two  a, 
nialce   their  appcsraniw  tFig.  148  J   aa4  I 
The  luleatiDB  ii  not  yet  diflerwttisteil  ■ 

but  in  davelnpeil  later.     Th«  larva  in 

tength,  beconm  flattened  dorao-TmintUj  a 
eo«er«l  with  cilia  (Fiir.  146  U).     ll  now 
Turbclktian.  and.  a>  ita  shape  iudicatee.  il  niov«  b;  orvqnns. 

The  turther  dcvelojiniGnt  ot  th«  larva  alluolb  fatX  its  inlomal  a 
sation.     Tin  ■apra-ii'Miphs(!e*l  ganKUon  lias  liecnius  di 
ttu   eciiiderni,  and  later  tbe   teHipfaif^Ml  (loDnedive*  and  Iba  ^ 
nertis  cord  begin  to  dcvolup.    The  eatodetm  luu  becoms  a  a! 
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of  cells,  which  amroDnds  the  central  jiolk-maas  like  a  sae.  On  the  ftODt 
end  □(  this  tuudament  at  the  intestine  a  conic^  appendage  becomes 
Dotioeable,  the  fiiat  indioation  of  the  (esophagus,  vhioh  subsequently 
bleaks  through  to  the  exterior  in  the  region  of  the  anterior  ciliated  band 
(probabl;  behind  it).  Lying  between  ectoderm  and  entoderm  is  the 
mesoderm,  which  has  split  into  a  lomatio  and  a  Hplanchnic  layer  in  most 
parts  of  the  body,  whereas  in  the  bead  region  it  has  the  form  of  a  com- 
pact mass  of  veaionlar  cells.  Besides  the  mesodermal  elements  which 
are  transformed  into  mnBoulatare  and  peritoneam,  there  eiist  still 
others,  which  tie  in  the  body  cavity.  These  are  transformed  into 
alructures  like  blood  cells,  which  fioat  in  the  body  Quid.  It  is  only  at 
this  time  that  the  formation  of  the  apaoions  body  cavity  is  aooompliahed. 
The  vessels  arise  from  the  peritoneal  lining  of  the  body  oavity. 


At  the  same  time  with  the  internal  processes  of  development  described, 
an  external  change  of  lorm  takes  place.  The  ciliation  of  the  body 
disappears  tor  the  most  part ;  the  anterior  portion  of  the  body  grows 
considerably  in  length,  and  its  ventral  side,  which  is  still  ciliated,  be- 
oomes  depressed,  in  this  way  acqairing  a  spoon-like  form  (Fig.  148  C), 
and  thereby  realizing  a  stage  like  that  in  Kc^iurui.  Later,  projections 
are  formed  on  the  prostomium  vbere  the  eye-spots  are  situated.  By 
their  further  growth  is  brought  about  the  bifurcation  of  the  prostomium 
which  characterizes  the  female  of  BontUia. 

Of  the  internal  changes,  there  is  still  to  be  considered  the  further 
development  of  the  intestine,  whose  central  yolk-mass  becomes  absorbed. 
The  moDth-opeoing  breaks  throogh  the  base  of  the  proatomiam,  while 
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the  anni  ii  formed  at  the  posterior  end  of  tbe  ventral  side.  The  uial 
TBaiolM  are  said  b;  BFENnsL  to  arise  as  evafcinations  ot  tbe  hind-gut 
(Fig.  148  C).  We  saw  that  in  Bchiuras  their  origin  was  descHbed 
differently,  and  that  therefore  they  are  preferably  to  be  considered  as 
nephridia  (p.  SOtI).— A  pair  of  tubes  whieh  raake  their  appearanoe  behind 
the  mouth  are  considered  by  Sf-esoel  to  be  the  piovisiouai  exoretory 
organs  (Fig,  148  C).  Immediately  behind  these  the  ventral  eetn  txe 
formed  (Fig.  148  C). 

The  earlicftt  fundament  of  the  ovary  wai  also  observed  by  Sfbsqki- 
It  is  formed,  in  the  same  way  as  in  other  Annelids,  from  the  peritoneal 
ooverinR  of  the  blood-vessels,  in  this  oaae  on  the  poalerior  part  of  the 
ventral  vessel.  The  duct  for  the  sexual  products  is  a  tube,  which  is  to 
be  looked  upon  as  a  nephridium.  although  it  is  not  quite  evident  whether 
it  is  connected,  and  if  so  by  what  means,  with  the  provisional  aicretory 
organs  observed  by  Speniel. 

The  descnption  o(  the  development  of  ISontllia  up  to  this  point 
applies  to  the  female  only.  The  development  ol  the  small  male,  living 
in  the  uterus,  is  much  simpler,  since  it  remains  in  the  state  of  the 
ciliated  larva.  Tbe  larvie  which  develop  into  males  seek  tbe  ciliated 
groove  on  the  prostomium  of  the  female,  and  there  attach  themaelves. 
They  lose  the  two  ciliated  bands,  but  retain  the  uniform  coat  of  cilia. 
Their  internal  organization  corresponds  on  tbe  whole  to  that  of  the 
female,  only  certain  simplifioatioQs  arise  ;  thus,  for  example,  the  mouth 
and  anus  are  wanting.  In  tbe  male  also  the  genital  products  arise  from 
Ibe  celts  ot  the  peritoneum.  Balls  ol  spermatic  oells  are  detached  from 
this  and  fall  into  the  body  cavity,  subsequently  to  be  taken  np  by  the 
funnels  of  the  spermatic  duct.  After  tbe  males  have  remained  tor  a 
short  time  on  tbe  prostomium  of  tbe  female,  they  migrate  into  tbe 
[esophagus,  in  order  to  complete  there  their  metamorphosis.  Stasou. 
found  BB  many  as  eighteen  males  in  the  lesophsfjus.  Subsequently  they 
abandon  the  (Esophagus  and  repair  to  tbe  uterus,  where  ordiouily  aii, 
eight,  or  mole  males  ate  found. 

General  Considerations.— As  regards  the  position  of 
the  Echiaridw,  we  agree  with  Hatschkk'b  view  (No,  51) ;  he 
Biien  iti  them  n  divtaion  of  the  Annelida,  and  brings  them 
into  i-elation  with  the  Chaetopoda.  The  form  and  inlenuil 
organization  of  the  larva,  ae  well  as  the  mode  of  origin  iif 
the  Btitte,  seem  fully  to  substantiate  this  view.  Even  thongh 
a  segmentation  [metamerisn]  no  longer  exists  in  the  &du]l 
aiiitnnl,  it  was  nevertheless  established  in  the  larv&,  jnst 
as  in  the  Cheelopoda  and  Archimmelida,  The  lass  of  the 
segmentation  and  the  redaction  of  the  setce,  as  well  as  the 
0 norm 003  extension  of  the  prostominm,  or  so-called  proboscis, 
make  the  Echiun'd/e  appear  as  somewhat  modi6ed  forms. 


I 


111.     DtNOPMILUS. 

Althongh  the  development  of  IHnophihu 
in  detail,  we  include  thin  aberi'ant  form  in 
present  account,  becnitRe  the  adult  animal  itself  r 
a  certain  estent  at  the  atace  of  an  Annelid  Ini 

In  its  ontwai'd  shape  (Fip.  149)  Dinophihi*  presents  i 
fltritingreHemblance  to  certain 
poIytrocUal  Aiineltdlnrv«,e,f/., 
to  those  of  Ophryotrocha  and 
a  larv&l  SylHa  not  yet  de- 
scribed, which  we  observed  in 
the  "tow"  at  Trieste.  This 
applies  not  only  to  the  ciliated 
bands,  the  distribution  of  the 
sensory  hairs,  and  the  venti-al 
tail-like  appendage,  but  more 
especially  to  the  entire  habit 


of    the 


The 


appendage  of  Dinophitiig.  like 

that  of  the  Annelid  larvu  in 

qnestion  {OpkrytToeha  Rp),  is 

segmented.      For  this  I'eaBoii, 

as  also  on  accoant  of  its  ven- 
tral position,  it  recalls  the  foot 

of  the  Rotatoria,  a  comparison 

which  indeed  does  not  appear 

altogether  without  fonndatioii 

when  one  considers  the  simi- 
larity in    the  organization  of 

Trochophore  larva  to  that  of 

tilt)  Rotatoria,  which  has  al- 
ready been  emphasised  (p.  259). 
Sbonld  the  statement  prove  to 
t)e  correct  that  the  five  pairs 
of  nephridia  posc^essed  bj  Ditio- 
^hibu   (Fig.  149)  end  blindly 

in   the  body  cavity  (K.  Mkvek),  there  wonid  exist  in   this 
ftarticalar  also  conditions  such  as  are  found  in  the  Annelid 
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larva  and  in  the  Rotatoria.  As  regards  the  rest  of  the  oi^ni- 
zation — for  example,  the  stractare  of  the  nervons  system — 
Dinophilus  ha8  been  compared  directly  to  the  Archiannelida. 

Dinophiliis  lays  its  ef^y  several  anited,  in  transparent 
gelatinous  capsules.  In  Dinophilus  apatrii  (gyroeUiatus) 
there  are  found  in  the  capsales,  in  addition  to  the  large  oval 
eggs,  spherical  ones,  which  are  several  times  smaller ;  the 
number  of  the  former  compared  to  the  latter  is  abont  as  two 
to  one.  From  the  larger  eggs  arise  the  females,  from  the 
smaller  the  males,  when,  as  in  P.  apatris  (gyroeiliaiu$)f 
there  is  a  great  difEerence  in  the  size  and  form  of  the  two 
sexes  (Korschelt). 

Cleavage  is  unequal  in  both  kinds  of  eggs,  and,  according 
to  Korschklt's  statements,  which  ai-e  corroborated  by 
Harmer,  leads  to  the  formation  of  an  epibolic  gaatrala. 
Repiachoff,  on  the  contrary,  describes  the  occurrence  of  an 
invagination  gastrnla  for  the  large  eggs  of  P.  gyroctliatus^ 
which  arose  fi*om  a  blastula  thickened  on  one  side.  The 
blastopore  appears  to  become  the  mouth.  Two  large 
cells  ai'e  differentiated  near  it,  which,  according  to  Repia- 
CH0FF*8  obRcrvations,  move  into  the  blastocoole,  and  there,  as 
in  other  Annelida,  produce  the  two  mesodermal  bands.  The 
Hupra-cesophageal  ganglion  is  to  be  seen  lying  close  to  the 
ectoderm. 

Howevor,  the  accounts  last  mentioned  do  not  seem  to  be 
well  established ;  but  what  is  known  of  the  development  of 
Dinophilus  harmonizes  with  Annelid  development,  and  the 
entire  organization  of  the  worm  points  to  relationships  with 
the  Annelida. 

Fn)m  the  fact  that  a  most  striking  sexnal  dimorphism 
exists  in  Vinnphilus, — in  so  far  as  the  males  are  much  smaller 
and  more  simply  organized  than  the  females,  lacking  the 
intestine,  the  eyes,  and  the  segmental  bands  of  cilia  (K<kK- 
schelt), — relationships  of  this  genus  with  the  Rotatoria  have 
also  been  contended  for ;  but  these  conclusions  do  not  appear 
to  be  justified  when  one  reflects  that,  while  sexual  dimor- 
])hisni  makes  its  appeai*ance  in  ^^ertain  species  (D.  apatris, 
t.^.,  D.  (jyrociliatHs)y  in  very  similar  species,  such  as  D.  vorti- 
coidi^s,  gigas,  and  tueniatus  (according  to  O.  SCHMIDT,  Welih.»>, 
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and  IIarmer),  the  males,  apart  from  the  sexual  characters 
proper,  are  formed  jast  like  the  females. 

IV.    MYZOSTOMA. 

Myzostoma,  the  discoid  parasite  of  the  Crinoids,  provided 
with  hook-bearing  parapodia  arranged  in  pairs,  deposits  its 
eggs  in  large  masses  withoat  bestowing  on  them  any  special 
care.  The  eggs,  which  are  enclosed  in  a  structureless  mem- 
brane, are  fertilized  outside  the  parent,  after  the  formation 
of  the  two  polar  cells.  The  fertilized  eggs  sink  to  the 
bottom.  Their  development  was  studied  by  Metschnikoff  iu 
Mtfzostoma  cirriferumy  and  afterwards  somewhat  more  fully  by 
Beard  in  MyzosUmium  glabrum.  The  unequal  cleavage  leads 
to  the  formation  of  an  epibolic  gastrula,  of  whose  six  inner 
cells  the  two  lying  neai*est  to  the  blastopore  are  said  to  give 
evidence  by  their  darker  appearance  of  being  mesodermal 
cells.  Tufts  of  cilia  soon  afterwards  make  their  appearance 
on  the  ectoderm  cells  all  around  the  ovate  embryo,  which 
now  breaks  through  the  egg-shell.  Its  shape  soon  becomes 
pyriform.  An  ectodermal  invagination,  the  fundament  of  the 
mouth  and  fore- gut,  makes  its  appearance  in  the  region  of 
the  blastopore.  It  grows  inward  and  unites  with  the 
stomach,  which  in  the  meantime  has  been  formed  out  of  the 
entoderm  cells,  which  have  increased  greatly  in  number. 
The  anus  arises  at  the  posterior  pointed  end  of  the  larva.  It 
is  not  easy  to  determine  whether  it  also  is  formed  by  an 
ectodermal  invagination  or  merely  by  a  fusion  of  ectoderm 
and  entoderm.  In  front  of  the  anus  there  appears  a  papilla 
[on  the  ventral  side],  which  subsequently  becomes  quite  large 
and  constitutes  the  end  of  the  body,  the  anal  opening  thus 
becoming  displaced  dorsad  (Fig.  150).  The  subsequent 
stages  are  characterized  by  the  fact  that  the  cilia  distributed 
over  the  entire  body  become  restricted  to  certain  regions. 
These  are,  firat  the  anterior  end  of  the  preoral  part  of  the 
"body,  which  constitutes  the  apical  area  and  bears  a  tuft  of 
rigid  cilia  (Fig.  150),  then  a  band  of  cilia  lying  immediately 
Ijehind  the  mouth  and  a  second  one  in  the  region  of  the  anus, 
^ud  finally  a  bundle  of  rigid  cilia  at  the  tip  of  the  caudal 
^Appendage  (Fig.  150).     At  the  same  time  with  the  changes  in 
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the  ciliatioD,  there  appear  on  both  sides  of  the  head,  behind 
the  post  oral  band  of  cilia,  the  fandaments  of  setn,  which 
soon  elongate  considerably,  and  finally  reach  approximately 
tlie  length  of  the  entire  larva. 

It  is  not  to  be  denied  that  this  Mytoitoma  larra  posaeiaea 
a  very  great  resemblance  to  the  larrs  of  Annelida,  eren 
though  the  absence  of  the  [a«- 
or«l  band  of  oilia,  which  coold 
not  be  found  by  Bukd,  inter- 
feres with  a  complete  reaem- 
blanoe  to  the  Troehophon.  The 
thickened  apical  area,  the  two 
bands  of  cilia,  the  aensory  haira 
at  the  anterior  and  posterior 
ends,  as  well  as  the  internal 
organization  of  the  larva  are 
qnite  Annelid-like.  A  caudal 
appendage,  corered  in  the  same 
way  with  tactile  haira  and  con- 
Fitituting  a  prolongation  of  the 
ventral  snrfoce,  is  found  in  the 
larvfc  of  Telrptaviu  and  Ophrgo- 
trofha.  In  the  same  way  the 
provisional  setw  of  the  Myxo- 
stoma  larva,  which  probably 
arise  in  ectodermal  sacs,  point 
to  the  corresponding  itmcturea 
gUbriin  (Kftcr  biimn).    a,  uiiu;      of  certain  Annelid  larvB  (comp., 

t.  Ktn'i   ■,  mouthy  J,  cuidkl  up-        . ,_      .1 j ; _• 

i™u«oi.p..p.cipi....  f"'    "ample,   the    diawmg   of 

ifitrana.  Pig.  124,  p.  276).  In 
any  event  the  similar  characters  in  the  larvn  of  Myzottoma 
and  otlier  Arinetult  are  very  many,  and  the  further  develop- 
ment also  presents  other  common  features,  e.g.,  the  formation 
of  the  parapodia  and  their  bristle-  or  hook-bearing,  atnmp- 
like  processes. 

After  the  larvie  have  moved  abont  free  at  the  bottom  of 
the  u^narium  for  some  seven  days,  they  cast  off  the  pro> 
visional  sets  and  betake  themselves  to  an  Antedon,  on  which 
they  are  found  crawling  abont  like  worma,  for  the  larval 


ciliatioQ  meanwhile  has  degenerated.  The  further  develop- 
ment of  the  larvB  is  quite  simple.  The  body,  which  up 
to  this  time  was  broad  in  front  and  narrow  behind  (Fif^. 
150),  ehanijes  it!>  shape  to  snch  an  extent  that  it  becomes 
broader  behind  than  in  front.  The  pcincipal  changes  in 
the  shape  of  the  larva  are  brought  about  by  the  develop- 
ment of  parapudia,  which  takes  phu;e  from  in  front  back- 
wards, aa  in  the  Polychieta.  Like  the  setce  in  Polychsta,  the 
hookfl  in  Myaostoraa  are  said  to  arise  in  ectodermal  aaca. 
A  segmental  differentiation  of  the  compact  mesodermal  mass 
lying  between  the  integument  and  the  intesttne,  a  differen- 
tiation which  proceeds  From  in  front  backwards,  might  be 
compared  with  the  segmentation  of  the  mesodermal  bands  in 
the  Annelida,  A  large  part  of  these  mesoderm  cells  become 
connected  with  the  pai-npodia  aa  musculature.  Others  are 
applied  to  the  mid-  and  fore-gnta.  The  latter  effect  the 
formation  of  the  evertible  proboscis.  Up  to  this  time  the 
intestinal  canal  has  i-etained  its  simple  character;  but  by 
the  time  the  development  of  the  pai-apodia  is  completfd 
evftginationa  are  seen  in  it.  and  in  this  way  its  bianched 
character  takes  its  origin.  As  regards  the  tormatjpn  of  the 
nervous  system,  the  apical  plate,  which  is  to  be  looked  upon 
as  a  larval  central  organ,  is  said  by  Bearu  to  degenerate ; 
but  since  this  author  did  not  recognize  the  presence  of  a 
supra- oesophageal  ganglion  and  cesophageal  ring,  whtcii 
aevorthelesB  are  present,  it  is  qnite  possible  that  the  former 
arises  from  the  apical  plate,  and  that,  as  in  other  Annelids, 
a  anion  with  the  ventral  cord,  which  arises  as  an  ectodermal 
thickenin)f,  also  occurs  in  the  development.  The  ventral 
cord,  which  exhibits,  according  to  Nankkn  and  v.  WiOMEB, 
the  nsnal  form  of  a  chain  of  ganglia  with  transverse  com- 
missures, has  thus  a  segmental  arrangement. 

The  statements  concerning  tlie  origin  of  the  mesodermal 
stmctnres  are  less  certain.  A  true  body  cavity  is  not  present, 
but  its  place  is  occupied  by  parenchymatous  tissae,  which  ib 
traversed  by  mnscle  dbrea,  and  yet  the  authors  (Nanseb, 
Burp)  speak  of  an  epithelium  of  the  body  cavity,  from  which 
the  eexual  products  arise.  It  appears,  then,  as  if  the  hollow 
spaces  which  contain  the  sexual  products  constitute  remnants 
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of  the  body  cavity.  Se^jpnental  organs  have  not  been 
identi6ed,  though  the  ovidncts  were  held  bj  Beard  to  be 
remnants  of  sach,  and  Nansex  believed  the  same  of  the 
paired  ciliated  depressions  of  the  outer  surface  of  the  bodj 
formerly  called  sucking  discs ;  but  up  to  the  present  time 
Ru  fficient  grounds  for  this  view  have  not  been  produced.  The 
sexual  organs  in  Myzostoma  are  not  always  developed  in  the 
same  way.  In  addition  to  the  hermaphroditic  individuals, 
there  are  living  on  them  very  much  smaller  male  animals 
(complement al  malen).  The  fact  that  oviducts  were  also 
found  in  those  (Naxsen)  indicates  that  we  have  to  do,  not 
with  individuals  of  really  separate  sexes  (Beard),  but  only 
with  incompletely  developed  hermaphrodites. 

The  place  which  we  assign  to  the  genus  Myzostoma  appears 
to  be  justified  by  the  manner  of  its  development.  This 
characterizes  it  as  a  branch  of  the  Annelid  stem,  which,  to 
be  sure,  is  rather  aberrant,  and  has  suffered  great  changes, 
probably  as  the  result  of  the  parasitic  mode  of  life.  The 
place  previously  ascril)ed  to  it,  supplementary  to  the  class  of 
Arthropods,  was  necessarily  given  up  when  the  development 
became  better  known.  The  form  and  internal  organization 
of  the  larva,  as  well  as  its  ciliation,  which  is  also  a  feature 
of  the  adult  animal,  separate  it  sharply  from  the  Arthro- 
poda. 

V.     HIRUDINEA. 

The  Hirudinea,  like  the  Oliyochasta^  lay  their  eggs  in 
cocoons,  which  are  formed  in  the  same  way  in  the  two 
cases,  namely,  by  a  secretion  from  dermal  glands,  which 
hardens.  The  cocoons  themselves  are  of  various  sizes, 
according  to  the  size  of  the  animal.  In  the  medicinal  leech 
they  become  more  than  2  cm.  in  length.  Their  shape  also 
varies  in  different  species  and  genera.  Those  of  Himdo  and 
Aulastoma  are  ellipsoidal,  and  exhibit  outside  the  shell 
proper  a  layer  of  spongy  substance,  which  probably  8er\*es  to 
protect  them  against  desiccation  (Lbuckakt).  They  are 
deposited  in  the  earth.  The  flattened  cocoons  of  Cleptine 
and  Ncphelift  are  found  in  wat<?r,  firmly  glued  to  some  fixe*! 
object.       Clepsitie  covers    the   cocoon   with    its   body,   and 
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further  cares  for  the  brood  by  canying  about  with  it,  at- 
tached to  its  ventral  side,  the  young  after  they  have  hatched 
from  the  cocoon.  The  cocoon  ordinarily  contains  a  large 
number  of  eggs,  as  many  as  twenty  in  the  medicinal  leech. 
The  Gnathobdellidffi  and  Rhynchobdellidae  are  distinguish- 
able by  the  fact  that  the  cocoon  of  the  former  is  filled  with 
albumen,  in  which  the  eggs  are  found  embedded,  whei*eas  in 
the  RhyncliobdellidaB  the  cocoons  lack  the  albumen,  and  the 
much  larger  eggs  lie  in  rows  and  in  layers  alongside  and 
above  one  another  in  great  numbers,  in  Clepsine,  for  example, 
as  many  as  200.  Correspondingly  the  eggs  of  the  Gnathob- 
dellidas  are  small,  and  contain  little  yolk  ;  the  embryos  leave 
the  eggs  at  an  early  stage  of  development,  and,  like  the 
Oligochseta,  float  as  larval  forms  in  the  albumen  of  the 
cocoon,  by  means  of  which  they  are  nourished.  Only  after 
several  weeks  do  they  quit  the  cocoon.  The  Rhynchob- 
dellidee,  on  the  contrary,  whose  large,  richly  yolk-laden  eggs 
furnish  to  the  embryos  sufficient  nourishment,  do  not  break 
through  the  egg- membrane  until  a  much  more  advanced  stage 
of  development  and  soon  after  also  abandon  the  cocoon. 

1.     Cleavage,  Formation  of  the  Germ-layers,  and 
Development  of  the  Outward  Form  of  the  Body. 

A.    RHYNCHOBDELLIDiE. 

The  process  of  cleavage  can  best  be  followed  in  the  Rhyn- 
chohdellidie,  on  account  of  the  larger  size  of  the  eggs,  and 
has    been  repeatedly  studied   in   Clepsine.       According   to 
Whitman,  three  small  blastomeres  and  a  single  larger  one 
are  first  produced  by  the  formation  of  two  vertical  cleavage 
planes,    whose    position     indicates   the    subsequent    orien- 
tation of  the   body  of  the  worm.     The  three  smaller  ones 
mark  the  anterior  end,  the  larger  one  the  posterior  end,  of 
the   worm.     Then  four   small    blastomeres  bud  out  at   the 
animal  pole  from  the  four  large  ones,  whereby  the  familiar 
^tage  of  four  macromeres  and  four  micromeres  is  reached  (Fig. 
151  A).     The  further  metamorphosis  consists  in  the  separa- 
t^ion  of  the  posterior  large  blastomere  into  two  of  nearly  the 
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BBmG  eize  (Fig.  151  B),  one  of  which  Whitman  deBignates  as 
neuronephi-oblast,  ami  the  other  jw  mesoblast,  in  accord- 
ance with  their  subsequent  fate.  Tbe  mesoblast  soon  divides 
into  two  cells,  which  at  first  do  not  occupy  bilaterally  sym- 
metrical positioDS,  as  would  be  expected  of  the  primitive 
cells  of  the  mesoderm.  One  of  them  ties  more  behind,  the 
other  more  in  fi-ont  beneath  the  micromeres,  the  number  of 
which  Boon  increaBes,  first  at  the  expense  apparently  of  the 
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macromeres  (Fig.  151  B).  With  the  exception  of  this  pro- 
duction of  micromeres  at  tbe  animal  pole,  tbe  anterior  three 
macromeres  take  no  further  part  in  the  subsequent  cleava)^. 
They  contain  the  nutritive  yolk  of  the  egg,  and  later  sapply 
the  cell  material  for  tbe  formation  of  the  mid-gut;  they  ar« 
therefore  to  be  designated  as  eutoblasts.  At  the  time  when 
the  nenronephroblaHt  divides  into  eight  cells  eymmetriaally 
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placed  at  tl^e  posterior  pole  (Fig.  151  C),  additional  nnclei 
make  their  appearance  in  the  entoblasts  without  any  corre- 
sponding division  of  the  entoblasts.  In  addition,  however, 
certain  cells  that  are  from  the  beginning  distinct  are  con- 
stricted off  from  the  entoblasts;  they  lie  under  the  layer  of 
micromeres,  and  are  to  be  looked  upon  as  the  earliest 
entoderm  cells.  Later,  cells  that  have  been  differentiated 
within  the  entoblasts  are  added  to  them,  so  that  a  distinc- 
tion between  the  two  kinds  can  no  longer  be  made. 

The  embryo,  up  to  the  stage  to  which  we  have  followed  it, 
consists  of  a  solid  mass  of  cells  formed  of  the  three  macix)- 
meres  (entoblasts),  which  become  partly  covered  over  by  the 
disc  of  micromeres,  which  have  now  become  very  numerous 
(Fig.  151  C).  Under  the  latter,  consequently  between  them 
and  the  entoblasts,  there  already  lie  a  number  of  entoderm 
cells,  while  the  nuclei  that  appear  within  the  entoblasts 
provide  for  the  formation  of  further  cell  material  to  be 
added  to  the  entoderm.  At  the  posterior  pole  appear  the 
two  symmetrical  groups  of  neuronephroblasts,  each  com- 
posed of  four  large  cells  (Fig.  151  C),  and  below  them, 
sunk  somewhat  deeper,  lie  the  two  mesoblasts  ;  these,  too, 
are  now  almost  symmetrically  arranged,  although  that  re- 
lation cannot  be  recognized  in  a  surface  view,  such  as 
Fig.  151  C, 

The  two  groups  of  five  cells  each  at  the  posterior  end  are 
of  great  importance  from  the  fact  that  the  greater  part  of 
the  body  of  the  leech  arises  from  them.    Since  in  their  origin 
they  can  be   traced   back  to   the   hinder  most  of   the  four 
original  macromeres,  it  follows  that  this  is  the  one  w^hich  is 
responsible  for  the  development  of  by  far  the  largest  part 
of  the  body.     These  two  groups  of  cells  undergo  the  follow- 
ing change  :  from  the  anterior  face  of  each  of  the  ten  cells 
new  cells  are  constricted  off  by  repeated  cell  division,  a  pro- 
cess which  can  be  compared  with  the  multiplication  of  the 
pole  cells  of  the  mesoderm  in  the  Chaetopoda,  and  also  leads 
to  the  same  result.     On  each  side,  then,  there  arise  four 
adjacent  rows  of  cells,  those  of  the  neuronephroblasts,  and 
one  lying  somewhat  deeper,  that  of  the  mesoblasts.     All  of 
them  together  constitute  the  two  germ  bands,  which,  how- 
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over,  as  will   be  showii  later,  are  not  directl;^  eompnniblr  to 
tbe  mQBodernial  bands  of  the  ChffiCopoda. 

^s  a  resalt  oC  tbe  i-apid  cell -proliferation,  the  genn  bands 
gi-oiv  forward,  and  the  layer  of  micromercB,  nhicb  bare  in 
the  meanwhile  inureased  considerably  in  nanibora,  advnncinif 
at  the  aame  time  vrith  them,  covers  a  (^ater  extent.  Thutt 
the  entoblasts  gradually  become  ovprjfrowu  by  the  (fertn 
bandit  and  the  deeepndantH  of  the  miurumercH.  Whereas  tli« 
two  germ  bands  at  first  diverjfe,  their  ends  BubseiqoenllT 
unite  at  the  anterior  pai't  ot  t>ie  embryo  (Fig- 1&2  A).  Th«y 
now  elongate  to  sacli  an  extent  that  they  occupy  approii> 
mately  the  greatest  periphery  of  the  esrgfFig.  lh-21}).  Their 
fnrther  change  in  position  titkes  pla^^'e  in  snch  a  way  llikt 


their  nnterior  and  posterior  ends  appear  to  be  fixed,  but  titty 
tlieinselves  move  down  toward  the  ventral  side,  sad  thns 
approach  each  other,  so  as  finally  to  nnil«  in  tlie  Tcntnl 
middle  line  (Fiar  152  J'*).  Fig,  152  C,  which  iji  a  mw  Bt  an 
angle  of  ninety  degrees  with  that  of  Fig.  152  B,  ahowa  the 
beginning  of  this  pi-oceas,  whereas  in  Fig.  162  D  the  (uaioti 
of  the  germ  bands,  which  takes  place  from  in  front  back- 
wards, has  progreseed  still  farther.  Fig.  \o2  E  exhibit*  tii« 
other  hemisphere,  and  shows  that  hero  the  germ  bnnda  uv 
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not  yet  completely  united.      This  Has  occurred,  however,  in 
Fig.  152  F,  which  shows  the  embryo  in  profile. 

Since  the  layer  of  small  cells  arising  from  the  micromeres 
follows  the  growth  of  the  germ  bands,  the  embryo  becomes 
sarronnded  by  a  saperficial  cell-layer,  which,  according  to 
Whitman,  produces  the  epidermis.  Furthermore,  the  head 
portion  of  the  worm  is  said  to  arise  from  these  cells,  and 
perhaps  in  the  same  way  as  the  trunk  is  formed  from  the 
germ  bands,  for  the  trunk  alone  owes  its  origin  to  these 
bands  (Whitman,  Bergh). 

During  the  processes  described  certain  changes,  which 
give  rise  to  the  formation  of  the  mid-gut,  have  also  taken 
place  in  the  entoderm.  Even  at  an  earlier  stage  certain 
cells  had  separated  from  the  upper  part  of  the  entoblasts. 
Others  succeed  these,  for  the  nuclei  move  out  to  the  surface 
of  the  entoblasts,  surround  themselves  with  plasma,  and  in 
the  form  of  an  epithelium — the  cells  of  which  at  fii-st  are 
flat,  but  later  become  cubical — are  added  to  the  cells 
already  present.  The  formation  of  the  mid-gut  begins  at 
the  anterior  end,  and  progresses  from  there  backward  on  the 
ventral  side  with  unusual  rapidity.  Finally  the  completely 
formed  mid-gut  surrounds  the  entoblasts,  which  have  now 
sunk  to  the  value  of  mere  food-yolk.  At  the  anterior  end 
the  pharynx,  which  has  arisen  as  an  ectodermal  invagina- 
tion, unites  with  the  mesenteron.  A  shallow  depression 
makes  its  appearance  at  a  very  early  period  in  the  region  of 
the  ectoderm  cells  which  are  first  formed  (micromeres)  ;  in 
later  stages  this  comes  to  lie  at  that  point  where  the  two 
^rm  bands  meet  (Fig.  152  m).  This  depression  indicates 
^he  future  pharyngeal  invagination.  The  latter  makes  its 
appearance  as  a  solid  growth  of  the  ectoderm,  which  lies  in 
the  depression.  Later  it  becomes  hollow  and  fuses  with  tho 
entoderm.  This  (entoderm)  lines  a  part  of  the  probosciF, 
whereas  the  remaining  part  of  the  proboscis  and  the  pro-* 
boscis-sheath  are  formed  of  ectoderm.  The  anus  does  not 
arise  until  later. 

When  the  embryo  has  developed  thus  far — that  is,  when 
the  circumcrescence  is  completed,  and  its  surface  is  entirely 
closed — it  abandons  the  egg  and  soon  afterwards  the  cocoon 
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also  to  nniiet^o  ite  furtlicr  development  while  attached  to 
the  ventral  surface  of  tho  parent.     As  regards  the  eiterna! 
form  of  the  hody,  a  eegmentjition  [metamerism]  can  be  recog- 
}  to  be  referred  to  that  of   the  germ  bands 
Fig.  152  P).     This  segmentation  makes  its  appearance  in 
the  same   way  as  in  the  Cha)topodn,    namely,  progressinir 
from  in  front  backwards.'     Fnrthennore  the  shape  changes, 
fl   fii-st   flat  on  the  dorsal  and 
strongly  curved  on  the  ventral 
surface  (Figs.  1S2  f  and  153). 
becomes  etmight  and  flat  on 
the  ventral  snrface,  while  ita 
dorsal  side  assumes  the  fami- 
lial-arching  owing  to  the  more 
active   growth    of    that    part. 
At  this  Btngo  the  body  consists 
of   thirty-three  segments,  the 
posterior  eight  of  which  unite 
to  form  the  posterior  aacker 
The  anas  arises  dorsad  of  this  by  the  fasion  of 
id  ectoderm. 

It  is  a  qiieEtioQ  hov  the  formation  of  the  germ-layere  is  to  be  ex- 
plained.   WanuAN  OHBigns  to  the  eatoderm  the  oelli  that  have  arison  bj 


<  [Wamui  |No.  XXU.,  Appendix  to  Utrraturt  on  Annelida)  has 
recently  investigated  the  □ielani«tiBm  ol  tbe  Hiniilinea  and  ita  origin. 

He  endefkTors  to  explain  the  segmentBtion  of  the  adult  animal  b; 
B  of  embryologioai  tacts,  and  further  aupporla  his  opinion  bjr  the 
■mieal  oondlliona,  especially  that  of  the  nervous  syslem.  The 
principal  question  concerns  the  interpretation  of  the  head,  which  u 
composed  of  the  primary  head  segment  and  several  trunk  segments 
united  with  it,  a  coodilion  similar  to  that  wiiicli  is  also  assumed  for 
Ihe  Cbietopoda.  The  mouth  may  be  placed  as  far  back  aa  the  fourth 
•egment. 

The  segmented  bod;  is  derivod  from  an  nnsegmented.  The  ori^n  of 
the  segmentation  is  to  be  sought  in  the  reproiluetion  by  division  of  the 
originaliy  unsegmented  worm.  The  iudividual  segmentB  therefore  really 
oorrespond  to  separate  individuals.  The  increase  in  the  number  of 
Is  is  caused  bj  the  method  of  lite,  which  necetaitntea  sneh  an 
.  (Comp.in  this  connecti  on  the  atatemenld  mado  tmdnr  "  CImnal 
OonsideiBtions  r^arding  Aimelida,"  p.  348.) — E.] 
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the  divinian  of  the  neuronephroblatit  (Fig.  151  B,C);  ir 
aircnmcresceDce  ot  the  maaromeres  b;  the  Isf  er  of  small  cella  and  the 
Kerm  bande  voutd  seem  to  produce  on  epibotic  gaatrula.  sn  ioterpretaition 
ihat  was  in  fact  given  bj  BtLrooii.  The  deep  layer  o(  the  germ  banda 
aiiung  from  the  mesoblaats  would  then  be  the  mesoderm,  though  its 
Boperficial  layer  also,  by  beooming  ove-rgrown  with  the  small  oelU,  soon 
cornea  to  lie  inside.  These  processes  recall  to  a  certain  eitent  those  in 
Jthynehelmit,  in  which  Oligochste  the  mesomeres  at  first  lie  in  the  region 
ol  the  eclodenn  and  give  off  to  it  products  of  their  divisiOQ.  Perhaps 
more  detailed  observations  on  this  point  will  yield  greater  evidence  of 
agreement.  At  present  the  germ  bands  of  the  Hirudinea  and  the  meso- 
dermal bandB  ot  the  Oligochala  are  not  to  be  looked  upon  as  homologous 
Btruetores,  (or  they  are  oompoaeit  of  different  kinda  of  elements.  How- 
ever, KiiBiKESiiiiBa  argues  for  a  particijiation  of  the  ectoderm  in  the 
ronnation  ol  the  mesodermal  bands,  and  Wilson  likewise  finda  these 
same  bands  of  calls,  which  form  the  germ  bands  of  the  Hirudinea,  ETen 
in  the  OUgochnta  (comp.  wupru,  p.  2!>4>. 

U  aooh  staffs  ot  the  embryos  of  CUjitiue  and  Liiiitliricui  as  are  shown 
in  Fig.  153  (p.  B2*(  and  Fig.  132  (p.  2HG)  are  oompared,  the  conclusion 
is  natural  that  processes  which  leil  to  such  similar  structures  must  have 
been  at  the  beginning  ol  like  nature,  even  though  they  are  now  changed 
in  their  details. 
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A  detailwi  invextigntion  ot  the  cleavage  of  the  ogg  of 
NephelU  has  been  given  by  BOtschli,  Nevertheleaa,  owing 
to  the  small  siie  oE  the  egg,  we  are  not  as  acCQi-ately  informed 
aboat  the  cleavage  and  formation  of  the  germ-layera  in  the 
OnalhobJeUidiB  as  abont  the  cofres ponding  processes  in  the 
RhynehabdeUiil-p.  At  all  events,  certain  differences  between 
the  groups  seem  to  exist. 

Id  Stphtlii  there  also  oocurs  a  c1eava.ge  stage  ot  tour  maeromtrei  and 
tour  miormneres,  though  the  latter  are  said  not  to  arise  from  all  tour, 
bat  Irani  onl;  three,  ot  the  macromerea,  whereas  the  fourth,  posterior 
blaatomere  remains  for  a  time  passive.  These  three  macromerea  then 
•ffua  give  rise  to  three  small  cells,  which  are  arranged,  as  in  Ctrpiiitf, 
nnder  the  micromeres  first  formed,  and  constitute  the  first  entoderm 
mU«.  The  fourth  ot  the  toot  maoromeres  now  divides  into  two  large 
blutomeres,  which  Whithan  interprets  as  corresponding  to  the  neurone. 
phroblaat  and  mesoblasl  in  Clepsine.  According  to  this  view,  to  which 
Bekdu  also  inclines,  the  superficial  layer  ot  the  germ  bands  would  be 
derived  from  the  former,  the  lower  layer,  on  the  contrary,  from  the 
latter.    The  tact  that  the  "  ncuronephroblaat "  is  said  to    form    two 
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additional  imall  oalls,  whioh  u»  addad  to  the  four  aetodann  mIU  alnmij 
present,  does  not  igras  with  tba  jiiiiimiiw  in  dapaina.  Tha  "  naaitNM- 
phroblast"  and  tha  "ineaoblaat"  aaah  divida  into  two  ealla,  which  an 
placed  sTininatrioally  in  reapeot  to  tha  middle  hzia.  Tba  adgaa  of  tha 
maoromeres  aroh  np  more  or  laai  orer  the  nnaU  bUrtomaraa,  ao  that 
thete  at  timet  appear  to  be  ambeddsd  in  them,  a  prooeaa  that  also  takaa 
place  in  like  muuiei  in  Clapaina.    Tha  (ate  of  tha  diSennt  UastoBMraa 


eoold  not  be   to  owed  farther  than  this,   though    t  ii  to  be  aaaom 
that  the  further  d  Be  entiation  a  the  same  aa  m  Gepama.    At  all  enol 
two  "  germ  bands     are  also  formed  here  (Fig.  IM),  whioh  extend 
behind  forwards  and  there  (in  the  region  of  the  fatnre  month)  i 
The  metamorphosis  ol  the  entoderm  is  important,  and  in  di 
the  entire  shape  of  the  animal,  eignifleaat.    To  the 
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formed  from  the  three  macromeres  have  been  added  others,  which  like- 
wise have  probably  been  famished  from  the  same  source.  The  entoderm 
now  lies  in  the  form  of  two  rows  of  cells  upon  the  macromeres  (Fig.  154 
A),  which  now  represent  a  kind  of  food-yolk.  They  are  surrounded  and 
partly  covered  in  by  the  germ  bands,  while  the  ectoderm,  now  increasing 
more  rapidly,  covers  over  the  anterior  part  of  the  embryo.  A  central 
fissure  (the  fundament  of  the  cavity  of  the  mesenteron)  soon  arises  be- 
tween the  entoderm  cells,  which  enlarge  at  the  expense  of  the  yolk-cells 
[macromeres]  (Fig.  154  A),  The  latter  are  forced  more  toward  the  hind 
end  of  the  embryo,  and  are  finally  overgrown  by  the  ectoderm,  which 
also  spreads  out  backwards  (Figs.  154  B,  156).  In  this  case,  there- 
fore, the  macromeres  are  not  taken  into  the  intestine,  as  in  Clepsine^ 
but  remain  outside  of  it;  bat  in  this  position  they  too  are  gradually 
absorbed.  The  mouth  and  pharynx  finally  arise  at  the  anterior  end  of 
the  embryo  in  the  form  of  an  ectodermal  invagination,  which  unites  with 
the  intestine  (Fig.  154  B). 


2.    The  Larvae  of  the  Gnathobdellidse. 

The  embryos  of  the  Gnathobdellidae  break  through  the 
egg-membrane  at  a  stage  in  which  they  are  spherical  or  oval 
and  have  attained  about  the  condition  represented  in  Fig. 
154  B.     The  pharynx,  still  very  simple  in  structure,  leads 
into  the  intestine,  which  now  begins  to  enlarge.     The  ecto- 
derm has  not  yet  quite  grown  over  the  macromeres.     The 
"  germ  bands  *'  lie  between  it  and  the  entoderm.     It  is  seen 
that  the   development  is  not  so  far  advanced  as  that  of 
the  hatching  embryo  of  Glepsine.     Whereas  the  latter  is 
converted    directly  into    the    worm,    the    embryo   of    the 
GnathobdellidaB   undergoes    a  protracted    larval  existence. 
Like  the  larv»  of  the  Oligociueta,  those  of  the  Gnathobdel- 
lidflB  float  in  the  albumen  of  the  cocoon,  and  take  this  into 
the  intestine  by  means  of  deglutitory  movements.     For  this 
pnrpose  a  provisional  pharynx  (Figs.  154  B  and  156 «)  is 
developed,  which  is  provided  with  a  powerful  musculature. 
The  larva  possesses  still  other  provisional  structures  which 
Are  entirely  wanting  in  Glepsine.     In  Nephelis  a  cephalic 
process  is  developed,  which  is  thickly  covered  with  cilia  (Fig. 
150),     This  ciliation  recalls  that  which  occurs  in  the  larvae 
f    tube  Oligochseta,  especially  since,  as  in  Lumhricu8  trape- 
f,  it  extends  on  to  the  ventral  side,  where  it  is  found  in 
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tlie  nipctian  line  of  tlie  entire  veatral  snrfaee  (Robin).  Tlie 
lai-vfB  of  the  GnathoUielliiim  also  posseNn  provisional  excretory 
organs  which  are  comparable  to  those  of  tlie  Ob'gochiela,  even 
tliougli  in  number  and  form  thoy  are  different.  In  NephelU 
there  are  two  (Fig-  156  «nj  and  wta),  in  Hirudo  three,  and 
in  Aulattonia  four  paira  of  provisional  kidnejB.  In  tlie  last 
foi'm  they  are  found  lying  on  the  ventral  anrface  of  the  larva, 
on  either  side  of  the  germ  bands  from  which,  according  to 
liEitGEi,  they  take  their  origin  as  cell-gruwthj4,  composed  at 
first  of  one,  then  of  several  roiva  of  cells  (Fig-  155).  Sub* 
sequently  they  separate  from  the  germ  bands,  and  then  i 
BJst  of  sti-nctures  somewhat  annalar  in  shape  and  composed 
of  two  rows  of  cells  (Fig.  156  un,).  These  two  cell-rows 
subsequently  differentiate  in  snch  a  way  that  they  consist 
of  two  adjacent  canals  ;  one  of  them 
l:>ecoiiies  the  Btonter,  chief  canal,  and 
the  other  one  winds  several  times 
about  it  (Fig.l56unj).  At  the  turn- 
ing point  the  two  are  continuoua 
with  each  other,  and  therefore  really 
constitute  only  on«  canal.  A  c 
tion  has  not  been  observed  in 
canals.  Not  only  is  there  in 
pkelie  the  ring-like  canal,  which  ia 
wound  about  itself,  but  this  is  pro- 
longed into  a  duct,  which  to  a  c 
tain  estent  constitutes  the  efferent 
duct  of  the  organ,  and  hoA  been 
compared  to  such  by  Bebgh,  in  the 
sense  that  the  two  primitive  kidneys 
wonld  correspond  to  the  two  arms 
of  the  primitive  kidney  of  Polygor- 
diuR,  and  that  the  duct  woald  lead  to  the  point  of  nnion  of ' 
the  two-  Afl  has  been  stated,  there  are  in  BiTudo  three  and 
in  Aulnslimia  tour  pail's  of  primitive  kidneys,  and  LgrCKAUT 
even  describes  in  the  medicinal  leecli  their  opening  tfl  tho 
exterior.     Behoh,  however,  could  not  confirm  this. 

The   primitive   kidneys   of    the   Hiiiidinca  are  said    by 
Bdrgh  to  have  nothing  to  do  with  the  permanent  eznretorj. 


Fio.    llB.-Ortgin    of    tin 

Irom  Ihc  genn  bwidn  (ftump/- 

Bnti).  m,  montbi  |M,  pole 
»]|>  Wrmlnntin)!  tlia  mll-ruiri 
3f  Lbs  genii  bands- 


organs,  for  tliese  are  not  formed  in  tlie  germ  banda  antil  the 
primitive  kidneya  have  already  separated  from  them  (oomp. 
ftlao  p.  332). 

Like  the  primitive  kidneys,  other  organs  of  the  larva  also 
degenerate  dnriag  its  metamorp'hosis  into  the  adnlt  worm. 
A  maacnlnture  consisting  of  loDg-itndinal  and  circuUv  ttbres, 
which  in  the  region  of  the  month  enlarges  into  a  powerful 
cirenlar  muscle,  is  found  under  the  epidei-mis  of  the  larva. 
Between  the  ranscle  fibres  Beboh  fiuds  spindle-like  and 
branched  cells,  which  be  takes  to  be  of  a  nervous  nature. 
This  entire  larval  skin  is  said  by  Bl-ruh  to  be  cast  off  in  the 
metamorphosis,  and  the  whole  body  of  the  leech,  with  the 
siAgle  exception  of  the  mid-gut,  arises  from  the  so-called 
Imnk  and  head  genns  {Bump/-  nnd  Kopfkeime),  of  which 
more  will  be  said  later.  At  this  time  the  mouth  closes. 
The  provisional  pharynx  of  the  larva  is  replaced  by  a  per- 
manent one.  Details  about  thene  processes  will  be  given 
in  considering  the  formation  of  the  organs. 


3.    The  Further   Development   of  the  Body;    For- 
mation of  the  Head  and  Trunk, 

A  distinction  between  head  and  trunk  was  apparent  even 
in  the  Chtelopoda ;  it  was  recognizable  by  the  condition  of 
the  mesoderm,  and  also  pi'obably  found  expression  in  tbe 
node  in  which  the  nervous  system  was  formed.  In  the 
Sirudinea  this  contrast  is  still  niore  decided,  for  the  fnnda- 
ments  of  the  nervons  system  of  the  head  and  trunk  are 
separate,  and  the  so-called  germ  bands  pi-obably  take  no 
part  whatever  in  the  formation  of  the  head.  According  to 
the  investigations  of  Bekgii,  which  to  a  certain  degree  con- 
firm and  extend  the  earlier  discoveries  of  Lel'ckikt  and 
Skhpkr,  there  are  two  so-called  head  germs  (Kopfkeime)  in 
addition  to  the  germ  hands,  which  we  have  already  learned 
about,  and  which  are  designated  by  Berqh  as  (runt  gemu 
(Ruvippeeime).  These  head  germs,  the  origin  of  which 
is  stitl  obscare,  lie  between  the  pharynx  and  epidermis  as 
two  cell-masses,  which  become  anited  by  a  connecting  cord 
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of  cells,  extending  over  from  one  to  the  other  (Fig.  156). 
From  these  head  gemiB  the  whole  head  portion  is  said  to  be 
formed,  iaclndtng  even  the  epidermis,  for  the  epidermis 
which  is  now  present  (Fig.  156  ep)  is  of  only  a  provisional 
nature.  In  like  manner  the  entire  tmnk  portion  (with  the 
exception  of  the  raid-gat)  is  said  to  arise  from  the  tmnk 
germs.  The  head  germs  and  tmnk  germs  nnite  in  the  region 
of  the  month.  Thus  in  the  formation  of  the  body  a  decided 
difference  would  esiat  between  head  and  tmnk. 


phM-JHI; 


Uon  iit  B  Isri*  of  N  (.Ma  (»It«r  Buos).  ml,  enlo- 
iioD«l  o-pid«rBi>,  tk,  hewl  frerni  (Kop/Wm);  i», 
o&l  meAodtrm  c«l[s;  mii.  ma»ole  c«llBi  pc,  polfl  otAXt 

trunk  germ> ;  rk,  ciBDk  genu  {Runyfitim) ;  ;  prorMoaMi 

primitive  kld-neys  or  tbeir  ruodKmenta. 


WmTKiN  &1eo  asBumeB  a  fnndBmental  distinction  between  head  and 
trunk  portions,  and  ia  inclined  to  leter  the  origin  ol  the  tornier  to  the 
tour  micromeres  first  formed.  However,  the  diffeience  in  Lhe  ClepaJne 
obaeived  by  WniTtuii  ia  not  so  striking  as  here,  (or  in  that  case  the 
epidermis  is  not  cast  off. 

H  tha  permanent  body  of  the  medioinal  leech  is  really  (ormed  bom 
tonr  fundamenta,  then  the  comparison  with  the  lormation  of  On 
Nemertean  from  the  PiUdinn,  which  wae  attempted  by  Bkiuib,  is  a  oatond 
one.  In  Pilidium  also  the  larval  skin  is  east  off,  and  the  body  aiite* 
from  several  separate  tundamenta,  of  which  the  metodermal  Me  fonc  >n 
number  (two  in  the  head  and  iwo  in  the  trunk  portion)  (oomp.  p.  S3S). 
Yet  these  proccasea,  aa  far  aa  they  are  known,  appear  to  take  plaoe  in 


< 
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Ihe  N^nutiini  snJ  Birudinea  in  a  manaer  that  is  too  inharmoniouB  U) 
warrant  a  compariaaa.'  Also  the  further  developmeot  of  the  "head 
germa  and  trunk  germa."  which  in  Ihe  Nemertini  takes  place  by  means  ol 
ectodermal  invaginatiooB  and  odiUtionLB  ot  msBeDchjma  cells,  bat  in  the 
Hiinidinea  as  early  diflerenliationa  ol  embryonal  cells,  shows  little 
gimilarity,  apart  from  the  fact  that  the  Annetidan  and  Kemertean  larvs 
themselves  have  only  a  very  alight  resemblance  to  each  other. 


4-.     Formation  of  the  Organs. 

The  hodii-coveriiig.—At  an  early  stage  of  embryonic  de- 
velopment the  layer  of  small  cells  grows  over  the  germ  bands 
and  macroraepeB,  and  thus  forms  the  epidermis.  This  epi- 
dermis, beneath  which  muscles  liave  already  been  developed, 
probably  from  the  germ  bands,  becomes  in  Clepsine  tbe  epi- 
dermis of  the  adalt  worm,  whereas  in  the  Gnat  hobdell  ids 
it,  together  with  its  mnscnlatnre,  is  said  gradually  to  din- 
integi-ate,  and  to  be  replaced  by  a  new  epithelinm,  which  is 
formed  from  the  superficial  layer  of  the  "head  germs  and 
trunk  germs."  These  have  united  in  the  region  of  the 
mouth,  and  tins  the  entire  body  is  covered  by  the  new  epi- 
dermis. At  the  same  time  the  body  muacnlatare  is  formed 
from  the  head  germs  and  trunk  germs.  The  remnants  of 
the  larval  skin  are  linally  cast  off. 

According  to  the  description  given  by  Whitham  for  Clepiinf,  and  by 
BeiuiB  lor  Aalailama  and  NfphAin,  the  epidenuia  does  not  appear  to  be 
bomologoUB  in  the  two  groups,  whioh  differ  from  each  other  to  tbe  extent 
that  the  larval  skin  in  one  group  is  directly  transmitted  to  the  adult 
animal,  but  in  the  other  ia  cast  off,  being  replaced  by  a  layer  o(  diflerent 
origin.  However,  an  intermediate  condition  is  said  to  exist  in  Clfptint, 
lor,  aoeotdijig  to  Wihtjun,  two  cells  of  the  germ  bands  take  part  in  the 
formation  ot  the  epidermis,  tboiigh  Wuituin  explicitly  denies  that  it 
uises  from  these  alone. 

In  CUptine  there  re  developed  out  of  the  epidermis,  between  it  and  the 
ganglion  underlying  ihe  pharynx.  &  mass  composed  of  numerous  large 
glaad-«ellB,  whose  secretion  serves  to  attach  to  the  mother  the  newly 
hatched  yoang  until  their  suckers  are  developed  (WniTutN). 

The  Nerrmii  Sysl^n. — In  the  development  of  the  Hirudinea 
it  is  difficalt   to  separate  ectodermal  and  mesodermal  ele- 

'  It  should  be  added  that  Behciu  himself  afterwards  ceased  to  place 
loy  value  on  this  quite  natural  comparisoo. 
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ments  from  each  other.  Thus  the  germ  bands  can  be  in- 
terpreted as  beinj^  formed  of  both  kinds  of  elements 
(Wuithan).  Ab  we  have  seen,  each  j^erm  band  is  composed 
of  four  superficial  rows  of  cells  and  a  more  deeply  located 
one  (Fir-,  ird  C).  The  ventral  chain  of  ganglia  arises  ft-om 
the  innermost  row  of  eaeh  germ  band.  The  cells  multiply, 
and  in  this  way  a  cord  of  cells  consisting  of  several  layers  is 
formed  from  the  single  row.  A  segmentation  takes  place  in 
this  from  in  front  backwards.  In  addition,  median  and 
lateral  parts  are  differentia. ted  in  the  separate  cell-masses, 
and  both  cords  unite  in  the  middle  line.  In  this  way  arise 
the  ganglia  and  the  conunissQres. 

Berob,  litie  Whitman,  also  derives  the  ventra)  chain  o[  gnngUa  bam 
the  serm  bands,  but,  acoordinK  to  him,  the  permanent  epidermis  arises 
Itoid  (he  same  source,  and  conseqaentlj  the  nerTOUs  Bjstein  takes  its 
origin  beneath  this. 

XcBBtaH's  (Mo.  75)  theorj  ot  the  origin  ot  the  nervous  system  differs 
from  that  deacribed.  Be  derives  the  ventral  chain  ot  ganglia,  as  well  as 
the  hraio,  from  a  thickening  of  the  ectoderm— thai  is  to  say.  (rom  the 
primitive  epidermis — and  thus  adopts  an  interpretation  tbst  (more  in 
harmony  with  theoretical  conBiderationB)  was  also  espoused  by  Koiri- 
I.KVSKY  and  BAUTQca.  The  statements  ot  Ndhbauh  on  this  and  othei 
developmental  processes  of  Ihe  Hirudinea  harmonize  so  little  with  the 
atatements  ol  the  other  authors  on  this  subject  that  any  furlber  con- 
sideration ol  them  muat  be  omitted. 

The  development  of  the  supra- cesophageal  ganglion  is 
initiated  in  the  head  germs,  underneath  the  layer  which 
supplies  the  epidermis,  by  the  segregation  of  a  compact 
mass  of  cells,  in  which  the  Punktcubstam  can  soon  be 
recognized  (Beruh).  The  fundaments  of  the  brain  and 
ventral  chain  of  ganglia  would  then  be  distinct,  and  not 
until  aft«r  ihe  concrescence  of  the  head  germs  and  tmnk 
germs  would  they  be  united  by  the  development  of  the  osbo- 
phageal  connectives. 

The  Nephridia. — According  to  WmiaAN,  the  nephtidia 
arise  from  the  two  middle  cell-rows  o(  each  germ  band,'  and, 
in  fact,  Whitman,  in  opposition  to  Berou  (comp.  tupra,  p. 

■  The  late  ot  the  [aurth,  outer  row  ot  cells  remained  unknown  to 
Wmriua. 
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328),  finds .  a  certain  resemblance  between  the  primitive 
kidneys  and  the  permanent  nephridia,  in  that  both  of  them 
arise  from  the  same  parts,  i.e,  from  the  middle  rows  of  the 
germ  bands.  However,  in  the  RhjncobdellidaB  themselves, 
which  Whitman  studied,  primitive  kidneys  are  not  present. 
The  origin  of  the  nephridia  from  a  continnoas  cord  of  cells, 
which,  moreover,  is  described  by  Wilson  in  the  same  way 
for  Lambricns,  recalls  the  theory  advanced  by  Hatschek  that 
in  Criodrilas  the  permanent  nephridia  arise  from  a  cord  of 
cells  in  the  somatic  layer  of  the  mesoderm  (com p.  supra,  p. 
296). 

The  development  of  the  nephridia  takes  place  from  in 
front  backwards  by  the  cord  of  cells  becoming  many- 
layered  and  undergoing  a  segmental  division.  How  the 
nephridia  arise  from  the  cell- masses  thus  prodaced  has  not 
yet  been  accurately  determined.  A  pair  of  nephridia  is 
begun  in  each  segment,  though  all  of  them  do  not  develop, 
for  in  the  adult  worm  there  are  only  sixteen  pairs.^ 

The  Body-cavity  and  its  Lining  ;  Musculature ;  Blood-vessels. 
— ^The  peritoneal  lining  of  the  body  cavity  and  the  somatic 
and  intestinal  musculature  arise  from  the  two  more  deeply 
located  cell-rows  of  the  germ  band,  the  pole  cells  of  which 
we  have  learned  to  designate  as  the  mesoblasts.  The  two 
cell-rows  have  changed  into  voluminous  cords  of  cells  by  the 
rapid  multiplication  of  their  elements.  These  cords  undergo 
a  segmentation  from  in  front  backwards.  The  primitive 
segments  thus  produced  extend  out  dorsally,  and  cavities 
make  their  appearance  in  them.  The  latter  correspond  to 
the  segmental  (metameric)  cavities  of  the  Chaetopoda. 
Aft-er  growing  completely  around  the  intestine,  they  are 
said  to  become  confluent,  and  to  form  the  marginal  sinus, 
which  belongs  to  the  lacunar  portion  of  the  blood- vascular 

*  [The  formation  and  differentiation  of  the  rows  of  cells  produced  by 

he  teloblasts  has  been  again  traced  by  Beboh  and  by  Apathy,  as  well  as 

I  the  works  of  Whitman  (see  Appendix  to  Literature  on  Annelida).    The 

ibjeots  involved   are  the  formation  of  the  nervous  system,  the  body 

ascolatnre,  and  the  nephridia.    These  organs  have  been  traced  back  to 

inite  parts  of  the  so-called  germ  band,  though  as  yet  complete  agree- 

at  on  the  part  of  the  authors  has  not  been  reached. — K.] 
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ayatem  (WnrTMAN).  According  to  another  view,  liowever, 
the  two  remain  separate,  and  constitute  tho  lateral  sinuses  of 
the  two  sides.  The  other  proceaHea — the  formation  of  the 
septa  and  that  of  the  intestinal  and  body  mascalature — 
appear  to  take  place  in  the  same  way  as  in  the  Ch»topoda. 
By  the  growth  of  the  mesodermal  elements,  the  body  cavity 
may  ttndergo  a  greater  or  less  redaction.  In  the  Rhyn- 
chobdellidffi  the  body  caWty  is  atill  well  developed,  and  is 
provided  with  a  distinct  peritoneal  epitheliam,  whereas  in 
the  GuathobdellidiB  it  is  almost  entirely  suppressed  (Bocrnk). 
It  has  ah'eady  been  mentioned  that  portions  of  the  body 
cavity  are  metamorphosed  into  parts  of  the  blood -vaao alar 
system.  It  has  been  stated  that  the  dorsal  and  ventral 
trunks  of  the  blood-vessels  take  their  origin  from  the 
splanchnic  layer,  owing  to  a  splitting  of  it.' 

The  Oenitil  Organs  are  doubtless  of  mesodermal  origin, 
thongh  the  statements  which  are  made  concerning  their 
formation  are  little  U}  be  trusted.* 

The  Inleitinal  Catial. — In  both  the  Rhynchobdellida;  and 
the  GnatbobdellidfD  we  have  already  become  acquainted 
with  the  origin  of  the  rocsenteron  from  the  three  entoblasts. 
These  give  rise  to  a  vesicle  composed  of  large  cells,  which 
gradually  resorbs  the  entoblasts  whether  enclosed  within  or 
lying  outside  it,  and  becomes  connected  with  the  outer 
world  by  means  of  an  ectodermal  invagination  (oomp.  pp. 
323  and  327).  The  pharyns  which  is  formed  in  this  way 
presents  different  conditions,  according  as  the  development 
is  direct  or  indirect.  In  the  first  case  the  phamyx,  pro- 
duced by  the  collaboration  of  entodermal,  ectodermal,  and 


'  [BOsoEB  (Appendix  to  Literature  on  Annelida)  has  made  an  ex- 
tensive investigation  ol  the  tormation  of  the  bodj  cavil;,  the  blood- 
Tftfcalar  syslem,  and  the  nephrldia.  He  traced  the  establiBbmenI  of  the 
ccelom,  its  diefereDtiatioQ,  and  its  relation  to  the  circnlalor;  syitem. 
In  regard  to  the  nephridia,  considerable  agreement  with  the  OUgoohBla 
has  beta  found, — K.] 

[However,  BOroeb  (Appendix  to  Literature  on  Annelida)  h*a  re- 
oentlj  f;iven  a  detailed  account  of  their  origin,  according  to  vhiob  the; 
are  referable  on  the  whole  lo  proliferations  of  the  peritoneal  epitheliuni. 
Not  onl;  the  sexual  glands,  bat  also  the  e&arenl  ducts,  arise  in  this 
waj—K.] 
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probably  meBodermal  parts,  is  converted  directly  into  the 
waophag^s,  pharynic,  and  proboayis-stieath  of  t!ie  adult 
Animal.  The  intestinal  canal  attains  its  final  shape  as  the 
result  of  the  ingrowth  toward  it  of  the  dissepiments, 
which  thaa  caaae  the  ca?cal  diverticula  of  the  intestine.  At 
the  same  time  the  intestine  is  provided  with  its  muaculatare. 
In  Cleptine  thei-e  are  sis  pairs  of  such  diverticula ;  the 
seventh  pair  grows  backward  throngh  five  segmenta,  and 
conaeqnently  acquires  conHtrictions  similar  to  those  of  the 
intestine  itself.  The  terminal  portion  of  the  intestine 
extends  straight  backwards  and  unites  with  the  ectoderm  to 
form  the  anna. 

The  conditions  are  not  so  simple  in  the  Gnathobdellidte. 
Here  the  pharynx  ftrst  formed  is  of  &  provisional  nature,  and 
fnnctions  only  in  the  reception  of  the  albuminous  nourish- 
ment. After  this  office  is  diachtirged  it  degenerates;  the 
mouth  closes  as  the  result  of  the  concrescenco  of  the  head 
germ  and  trunk  germ  (Bebgh).  At  the  same  point  there  is 
formed  an  invt^nation  of  the  united  head  and  trunk 
germs,  the  fundament  of  the  permanent  pharynx,  which 
grows  into  the  larval  pharynx  and  unites  with  the  entoderm, 
while  the  tissue  of  the  old  phar^'nx  is  gradually  absorbed. 
The  jaws  arise  in  the  pharynx  as  fold-like  elevations  covered 
by  a  firm  cuticula  (LEiicK.tKT).  The  oral  sucker  ia  formed 
as  a  circular  elevation  of  the  superficial  layer  of  the  body. 
The  development  of  the  mid-gut  takes  place  in  a  manner 
similar  to  that  already  described  above  for  Clepsine.  On 
the  other  hand,  according  to  Bekisu's  observations,  the  hind- 
gat  is  formed  as  a  solid  outgrowth  of  the  tissue  of  the 
"  trunk  germ,"  which  subsequently  becomes  hollow,  and 
unites  with  the  entoderm.  Such,  a  mode  of  origin  agrees 
with  BitnQH'a  entire  theory,  according  to  which  the  whole 
body  of  the  leech,  with  the  single  exception  of  the  mid-gut, 
ia  formed  fi-om  the  so-called  head  and  trunk  germs. 


Tha  degeoeratioD  and  regpneration  of  the  pharynl  in  the  Qnsthnb- 
dellidn  reMll  the  teplaaement  at  the  Inrvnl  stouiodiuum  by  a  permanent 
phuyni  in  Lopvlorbj'nchu!!  as  deacribad  b;  Eleinbnbebo.  even  Lhougb 
th«  metftmurphosia  takes  place  there  in  a  diSeient  way. 
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General    Considerations. — The  developmoiii    o\   ilu- 

Hirudinea  doubtless  points  to  the  fact  that  in  dealinf^  with 
them  one  has  to  do  with  Annelida.  Althoogh  differing  in 
details,  the  entire  process  of  development  is  aimtlar  to  that 
of  tlie  Chcetopoda,  and  especially  of  the  Oligocheeta.  The 
so-calleil  germ  bands  of  the  Hiradinea  and  the  meaodermal 
bands  of  the  Cho^topoda,  it  is  tme,  do  not  appear  to  be 
homologous  stractures,  bat  the  entire  manner  of  their 
formation  and  their  relation  to  the  embryonic  bodj  in 
general,  as  well  as  their  subsequent  development,  indicate 
that  both  are  to  be  referred  to  like  stmctnres,  and  that  in 
the  Hirudinea  a  modification  has  appeared  only  in  so  far 
as  the  more  simple  mesodermal  bands  have  there  acquired  a 
more  complicated  structure  by  the  addition  of  ectodermal 
parts.  In  their  mode  of  development  the  Hirudinea  appear 
to  be  less  primitive  forms  than  the  Chntopoda. 

Just  as  the  mode  of  origin  of   the  individual  organs, 
especially  the  body  cavity,  the  nervous  system,  and   the 
excretory  system,  shows  the  leech  to  be  an  Annelid,  so,  too, 
does  its  anatomical  structure.     This  is  mentioned  only  for 
the  reason  that  direct  relationships  between  the  Hirudinea 
and  Platjhelminthes  have  been  sought  for  in  varioas  direc- 
tions.    In  this  connection  it  is  only  the  stroctare  of  the 
genital   oi*gans  and  their    resemblance    to    those    of    the 
dendroowlous  Turbellarians  tliat  appear  to  be  remarkable. 
It  would  be  desirable  to  know  more  than  we  do  at  present 
regarding  this  point. 

In   brief  it   must  be  said  that,   as  compared    with  the 
Chffitopoda,  the  Hirudinea  show  themsetve)  to  be  in  struct 
ture  and  development  higher  forms,   which  exhibit   many 
secondary  modifications. 

VI.     BRANCHIOBDELLA. 

The   syKtcmatic   position    of    IhanchiobdeVa    is    not  ^^^ 
established.     There   are  anatomical   grounds  for  the  vi^^v 
that  this  worm  is  to  be  assigned  to  the  Oligochnta,  and  tfcv^' 
it  is  only  in  ctmsequence  of  its  parasitic  mode  of  life  that  i^ 
has  acquired  certain  characters — for  example,  the  posterior 
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Backer — which  cause  it  to  resemble  the  Hiradinea  (Voigt, 
Vudovsky).  The  development  exhibits  in  some  features  a 
resemblance  to  that  of  the  Hirudinea,  but  otherwise  it 
is  so  peculiar — provided  we  can  rel^  on  the  statement  of 
Salenskt — that  the  relationship  of  Branchiobdella  to  either 
branch  of  the  Annelida  cannot  be  inferred  from  it. 

Branchiobdella  lays  its  eggs,  each  surrounded  by  a  firm 
envelope,  on  the  gills  of  the  crayfish,  where  they  are 
attached  by  means  of  a  stalk,  a  prolongation  of  the 
envelope.  A  cocoon  proper,  as  in  the  Oiigochaata  and 
Hirudinea,  does  not  exist,  although  the  egg  id  surrounded, 
as  in  these,  by  a  special  envelope;  perhaps  therefore  the 
outer  envelope  is  eqnivalent  to  a  cocoon. 

In  the  cleavage  and   the  formation  of  the  germ^layers, 
conditions  are  exhibited  which  do  not  resemble  those  of  the 
Hirudinea  or  Oligochaeta,  but  can  perhaps  be  referred  more 
readily  to  the  latter.     We  begin  with  the  stage  in  which  one 
large  and  three  small  blastomeres  are  formed.     All  four  are 
to  be  called  macro  meres,  for  soon    four   micro  meres    are 
abstricted  from  them.     By  division  of  the  micromeres  and 
the  formation  of  new  ones  on  the  part  of  the  macromeres,  a 
rapid  increase  of  these  small  (ectoderm)  cells  takes  place. 
They  soon  form  an  irregularly  defined  cell- plate,  the  sides  of 
which  grow  out  and  overlie  the  macromeres  in  the  form  of  a 
cap.     The  striking  thing  in  this  is  that  the  micromeres  are 
said  to  correspond  to  the  ventral  side  of  the  worm  ;  however, 
it  18  also  stated  that  for  Glepsine  the  mouth  breaks  throngh 
in  the  region  of   the  first  four  micromeres,  and  it  has   a 
similar  position  in  Nephelis  (comp.  Fig.   154,  p.  326).     A 
x*ather  small  cleavage  cavity  makes  its  appearance  between 
the  micromeres  and  macromeres;  it  is  subsequently  forced 
away   from   the   macromeres  by   the    production    of    new 
cells.      The  macromeres  have  likewise  divided  and  arranged 
themselves  as  two  pairs  of  large  cells  at  the  posterior  end 
(Pig.  157   A),     A  cord   of  ectoderm  cells  forces  ifcs  way 
between  the  two  pairs.     The  double-row  arrangement  of  the 
macromeres  persists   even  when  they  divide  further  (Fig. 
157  B). 

K.  H.  ■.  Z 


338  EMBBTOKiriT 

Theae  «o  cows  t>F  macroineres  hax'e  been  compared  Ic 
ot  the  HiiudiDen.  though,  sa  far  as  onn  now  bo  seen,  this  compariu 
not  v.-Bmnted.  for  the  macromerea  in  Bronchiobdella  are  said  U 
dividin)(.  and  to  give  rise  to  the  mesoderm  and  entoderm.  But  in  liolh 
the  Hirudiaea  and  the  Oligoch^ta  the  separation  of  the  two  genu-lByen 
takes  place  much  earlier. 

The  division  of  the  macromeres  advance*  steadily  from 
behind  forwards.  In  this  way  two  different  groups  ot  cells 
arise,  one  of  which  lies  next  to  the  ectoderm,  and  fonatitot** 
the  rQeaoderm,  while  the  other,  lying  nest  to  the  marro- 
meres,  ia  the  entoderm.  What  is  left  of  the  maci-omerea 
themselves  divides  uninterniptedlj,  so  thai  the  cells  arising 
in  this  way  become  like  the  ectoderm.  They  cover  the 
poaterior  part  of  the  embrjo  (Fig.  157  D). 

Even  before  the  macromerea  eeparated  into  the  different 
elements  in  the  manner  described,  a  depression  of  the  ecto- 
derm (Fig.  157  A),  which  does  not  persist  long,  and  pei-baps 
represents  the  fundament  of  the  supra- cesophageal  ganglion, 
makes  its  appearance  in  front  of  them,  and  therefore  on  the 
dorsal  side  of  the  embryo.  This  originates  independently  of 
the  ventral  chain  of  ganglia.  The  latter  arises,  according  to 
SiLBSSKy,  in  the  form  of  au  extensive  groove  on  the  ventral 
side  (Fig-  157  C).  The  groove  is  very  broad  at  the  posterior 
end  of  the  embryo.  It  ia  bounded  here  by  the  lai^  eclU 
still  remaining,  which,  coatinning  to  divide,  contribote  to 
the  formation  of  the  margins  of  the  groove.  The  groove 
beooraes  narrower  anterior'Iy,  extends  on  to  the  dorsal  aide 
ot  the  embryo,  and  hero  bifurcates  (Ftg.  167  D).  The  pnit 
of  the  ectoderm  which  ia  encircled  by  the  two  branches 
probably  corresponds  to  the  above-mentioned  ectodermal 
depression,  and  pi-oduces  the  snpra-cesophageal  ganglion, 
which  secondarily  unites  with  the  two  processes  of  the  ven- 
tral chain  of  ganglia  by  nieann  of  two  ridge-like  processes, 
the  cesophageal  connectives.  The  ventral  cord  iteelf  ia  said 
to  originate  in  a  manner  quite  like  that  of  the  mednll&ry 
tube  of  vertebrates.  The  groove  becomes  closed  by  the 
bending  together  of  its  npper  edges  (in  this  case,  however, 
I  front  backwards),  and  in  this  way  forms  a  tab*!, 
inally  separates  from  the  overlying  e 
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its  tainea,  ftnd  lies  aa  &  cellnlar  oord  in  th«  ventral  median 
line  of  the  embiyo. 

On  each  side  of  the  nerre  cord  lies  a  ribbon-like  cord  of 
cells,  the  mesodermal  band.  The  two  mesodermal  bands  are 
nnited  to  each  other  by  a  median  part.  They  have  arisen 
from  the  common  ento-mesodermat  mass,  the  origin  of  which 
we  have  previoaHly  traced,  by  the  separation  of  a  ventral 
layer,  the  mesoderm,  from  the  dorsal  layer,  the  entoderm. 
A.  s^mentation,  like  that 
in  the  ventral  cord,  also 
makee  its  appearance  in 
the  mesodermal  bands, 
which  separate  into  the 
primitive  segments.  The 
processes  tbas  effected,  as 
well  as  the  formation  of 
the  body  cavity  and  the 
septa,  take  place  in  a 
manner  similar  to  that 
described  for  the  other 
Annelida.  The  internal 
segmentation  is  late  in 
finding  expression  on  the 
exterior  of  the  body,  and 
is  snppressed  in  its  an- 
terior and  posterior  parts, 
where  the  primitive  seg- 
ments for  the  present 
acquire  no  cavities,  and 
therefore  remain  in  an 
embryonic  condition. 
Each  segment  exhibits 
externally  a  division  into 
a  broader  and  a  narrower  portion  (Fig.  157  E).  The  former 
corresponds  to  a  ganglion,  the  latter  to  a  septum.  In  front 
of  the  anterior  end  of  the  ganglionic  chain  lies  a  part  of  the 
mesoderm,  which  forms  the  head  cavity  ;  bat  regarding  this, 
Salkhskv  coatd  not  determine  whether  it  likewise  arose  from 
the  mesodermal  bands. 


Pis.  IW.-AloK.  •mbrjos  o(  Brixi 
iljlla  inTBiioiu  (MgM  (after  Siliii 
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At  the  time  of  the  appeftrnnce  of  the  onf«r  se^raentatinn 
a  pecnliar  change  in  the  position  of  the  embryo  tx?our«.  Up 
to  this  time  its  ventral  side  was  jfreatly  oarvecl,  fur  both  tho 
anterior  and  the  posterior  ends  prew  toward  the  dorsal  si(t*. 
Later  it  asstimes  the  reverse  poNitioii.  This  is  p?oot«d  by  a 
rotation  of  the  embryo  on  its  own  axin.  The  movetnenl 
begins  at  the  anterior  and  at  the  posterior  parts  nf  th»  em* 
bryo,  and  gradnally  extends  to  the  middle  portion.  Whrrtf- 
as  the  ganglion  chain  at  tirtit  lay  on  the  convex  side  of  the 
embryo,  it  is  now  found  on  its  concave  surface.  In  tbe 
course  of  this  process  the  anterior  and  posterior  parts  of  the 
body  assume  their  permanent  shape  (Fig.  157  E).  The 
posterior  end  is  abruptly  truncated.  A  depression  oo  tt, 
which  soon  makes  its  appearance,  represents  the  fnndament 
of  the  sucker.  Tbe  absence  of  segmentntion  at  the  anterior 
end  is  noticeable;  the  head,  however,  is  distinct  from  the 
anterior  port  of  tbe  body  (Fig.  157  E).  The  month-opening 
makes  its  appearance  as  a  ahallow  depression  of  tho  ecto- 
derm  far  in  front,  and  probably  at  tho  place  where  the 
medullary  groove  bifni-cated.  It  nnites  with  the  fore-got, 
which,  as  well  as  the  hind-gul.,  is  anid  to  arise  from  the  en- 
toderm. The  entoderm  for  a  long  tiniB  consists  of  a  compkct 
mass  oE  cells,  which  increases  in  l«ngth  with  the  ^rawlh  of 
the  embrj-n.  In  the  formation  of  the  epilhelinm,  the  tells 
withdraw  to  the  periphery  of  the  mass;  and  the  nntritive 
material,  which  is  surrounded  by  them,  remains  at  the  ceatre 
just  as  in  tbe  formation  of  the  intestine  in  RhynekrlmU. 
The  fore-  and  hind-guts  are  the  first  to  be  holloired  oat. 
The  latter  unites  with  the  very  short  tube  which  forms  the 
anal  invagination  located  on  tbe  dorsal  side  of  the  aucker- 
The  entire  (esophagus,  oven  the  jaws,  are  said  by  SAt-KXtXT 
to  be  of  entodermal  nature  ;  and  only  the  lipa,  with  their  in- 
temal  lining,  are  formed  of  ectoderm.  Last  of  all  (olh>w« 
the  development  of  the  mid-gut.  Kven  in  the  halchtng  em- 
bryos, which  have  approximately  the  development  desenb(>d 
(Fig.  157  £'),  the  mid-gut  is  still  filled  with  an  andigrsted 
yolk-mass. 

To  enumerate  once  more  the  chief  pointo  in  th«  deT«lop- 
ment  of  this  unique  group,  which  it  has  hitherto  bvmt  in* 
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possible  to  unite  satisfactorily  either  tvith  the  Oligocbietti 
or  Hirudiaea,  the  following  points,  in  addition  to  the  al- 
together aberrant  cleavage  fihenomena,  are  remarkable:  the 
formation  of  the  meaodermal  banda  and  the  very  peculiar 
manner  in  whicb  the  norrons  Hystem  is  formed.  A  germ 
band  in  the  Reuse  of  the  Hiradtnea  is  not  present,  but,  on 
the  other  hand,  the  fundament  of  the  nervous  system  differs 
from  that  of  the  Chrotopoda.  To  be  snre,  the  oiigin  of  the 
chain  of  ganglia  from  a  ventral  ectodermal  invagination  has 
been  repeatedly  described  for  the  Annelida,  but  this  conclu- 
eion  has  not  gained  curi-eney.  At  all  events,  the  origin  of 
the  nervous  Hystem  and  mesodermal  bands  of  BTanckiobdelia 
merits  renewed  investigation. 


General  Considerations  regarding  Annelida. 


The 
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mbryology  of  the  Annelida  alfords  i 
regaz^iing  the  pbylogenetio  derivation  of  the  Annelid  stem 
and  its  genetic  relationships  to  other  groups  of  animals,  and 
also  regarding  the  origin  of  Qietameric  segmentation.  These 
suggestions  are  significant,  even  though  they  do  not  as  yet 
fnrnisfi  a  foundation  of  positive  knowledge,  but  serve  only 
to  sappiirt  theories  of  greater  or  less  probability. 

If  we  consider  the  larval  forms  of  the  AnneUda,  we  see 
that  their  different  shapes,  however  varionsly  they  maybe 
expressed,  are  referable  to  the  Trocktyphore.  The  Troeho- 
phore  is  the  topical  laii-al  jorm.  of  the  Annelid ttem.  Kven  in 
the  derived  and  mnch-modified  groups,  such  as  the  Olign. 
ehtvta  and  Eehiwrid^,  as  well  as  in  the  aberrant  genus  Muto- 
ttoma,  the  larval  Trochophore  form  can  be  recogniued  more 
or  less  distinctly.  Dinophiluj  corresponds  in  its  shape 
and  oi^niisation  to  a  so-called  poljtrochal  larva,  which  it 
was  possible  t«  derive  directly  from  the  Trochophore  (comp. 
p.  1i76).  The  embryos  of  the  Hirudinea  exhibit  the  greatest 
resemblance  to  those  of  the  Oligochceta.  However,  they  are 
much  more  modified  than  these,  and  consequently  cannot  bo 
traced  direutly  to  the  Trochophore,  though  this  may  be 
accomplished  through  the  mediation  of  the  OHgochieta. 

Most  likely  the  Trochophore  of  the  Annelida   embodies 
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the  ontogenetic  recapitulation  of  an  ancestral  form  which 
was  common  to  the  Annelida,  Mollosca,  and  Mollnscoidea, 
and  from  which  these  animal  stems  branched  oS  ae  inde- 
pendent groups.  The  assumption  that  the  Trochophore  cor- 
responds to  an  anceatml  form  is  supported,  not  alone  by 
the  circumstance  that  the  larval  forms  in  the  groaps  men- 
tioned can  all  of  them  be  traced  more  or  less  directly  to 
the  Trochophore  :  it  acquires  a  further  and  important  snp- 
port  from  the  fact  that  in  the  division  Uutifera  we  see  before 
us  forms  which  in  their  adult  condition  remain  eHsentiBlty 
at  the  stage  of  organization  of  tbe  unsegmented  Trocho- 
phore. We  have  already  mentioned  (p.  259)  that  not  only 
tlie  Rotifer  known  by  the  generic  name  of  Trochospbipm, 
but  also  the  rest  of  the  Rotatoria,  can  readily  be  referred  to 
the  plan  of  the  Trochophore.  The  Rotatona  accordingly 
are  organisms  which  atill  exhibit  the  closest  relatitmHhipe  to 
the  Trochophore-like  ancestral  form  whose  mode  of  locomo- 
tion and  plan  of  organisation,  with  some  secondary  changes. 
they  have  retained. 

If  we  take  into  comparisnn  the  rest  of  the  groups  of  the 
so-called  Vermes,  there  is  apparent,  in  the  lirst  place,  « 
striking  resemblance  between  the  Trochophore  of  the  An- 
nelida and  the  larval  form  of  the  Kemertini  known  tts 
Pilidium  (comp.  p.  231),  even  though  in  their  farther  de- 
velopment the  two  groups  porsne  different  paths.  By  means 
of  the  Pilidium  we  are  also  led  to  bring  certain  tarvffi  of  tbe 
Tarbellaria  into  remote  comparison  with  tbe  Trochophore 
(comp.  pp.  168  and  230). 

In  searching  for  the  ancestral  forms  from  which  the 
Trocbophore-iike  archetype  arose  one  meets  with  great  diffi* 
culties.  In  order  to  arrive  at  au  idea  of  this  ancestral  form. 
the  Trochophore  has  been  compared  lo  a  Meduta.  Iih 
pelagic  mode  of  life,  its  sliape.  and,  above  all,  the  nerve- 
ring  of  tbe  ciliated  band  discovered  by  Elrinknbebq,  were 
the  things  which  led  this  author  and  liALFOtiH  to  assume  its 
descent  from  a  mediisoid  form.  Derived  in  such  a  way,  the 
prcoral  band  of  cilia  is,  from  its  position,  i-eferred  to  the 
margin  of  the  umbrella,  and  tbe  aboral  dome  of  tlie  Trocho- 
phore to  the  ex-umbretla,  whereas  the  part  of  the  larva  lying 
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behind  the  ciliated  band  must  be  considered  as  the  snb-nni- 
brella,  made  to  bulge  downward.  A  more  careful  oonsidera* 
tion/however,  offers  considerable  difficulties  to  a  derivation 
of  this  kind.  Even  if  we  disregard  the  fact  that  the  Medusa 
represents  the  most  divergent  and  most  highly  developed 
form  of  the  Gnidaria  type,  and  that  forms  which  are  highly 
developed  in  one  direction  ordinarily  do  not  become  points 
of  departure  for  new  developmental  series,  still  the  difficnlty 
of  the  derivation  suggested  is  evident  from  a  comparison 
of  the  mode  of  locomotion  of  the  two  forms.  The  Medusa 
moves  by  means  of  oar-like  strokes  of  a  complicated  loco* 
motor  apparatus,  depending  upon  muscular  action.  On  the 
other  hand,  the  Trochophore,  with  its  trochal  organ  operated 
by  ciliary  motion,  represents  a  much  more  primitive  loco- 
motor apparatus,  directly  comparable  in  its  mode  of  action  to 
the  ciliated  planula  (comp.  p.  154,  et  seq.,  the  grounds 
which  have  been  advanced  against  the  derivation  of  the 
Ctenophora  from  Medusie).  A  chief  difficulty  in  the 
derivation  under  discussion  is  found  in  the  presence  of  the 
central  nervous  system  at  the  apical  region,  where  important 
organs  are  never  developed  in  the  Meduste.  We  should  then 
have  to  look  upon  the  nerve-ring  of  the  Trochophore  as  the 
chief  part  of  the  central  nervous  system,  and  the  apical  plate 
as  a  subsequently  acquired  secondary  part  of  it ;  but  in  the 
present  state  of  our  knowledge  we  are  not  justified  in  this. 
We  recognize  that  the  two  parts  of  the  nervous  system  be- 
long together,  and  have  probably  been  developed  in  close 
relation  with  the  locomotor  apparatus,  as  regulators  of  the 
movements.  Thus  perhaps  the  apical  plate  in  its  earliest 
origin  is  to  be  traced  back  to  a  tuft  of  cilia  functioning  as 
a  rudder  (such  as  is  met  with  at  the  apical  pole  of  many 
Actinian  larvse),  whereas  the  ring- nerve,  it  is  to  be  assumed, 
has  been  formed  in  connection  with  the  development  of  the 
trochal  organ,  both  of  them  as  localizations  of  a  system  of 
nervoQS  intemuncial  fibres,  distributed  under  the  entire 
ectoderm.  It  might  be  mentioned  here  that,  in  addition  to 
the  apical  plate,  a  nerve-ring  is  also  met  with  in  the  Pt7t- 
diutn. 
We  have  above  adduced  the  difficulties  which,  according 
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to  onr  point  of  view,  are  opposed  to  a  deriTation  of  the  Tro- 
ohoplioi*e  from  the  mednsoid  form,  and  have  alreadj  made 
some  suggestions  respecting  a  deriyation  of  the  Trochophore 
which,  although  based  upon  hypothetical  grronnds,  neverthe- 
less appear  to  be  better  supported  by  the  facts  of  compara- 
tive anatomy  and  embryology  than  the  former  view.  This 
view  brings  the  Trochophore  into  relation  with  the  ancestral 
forms  of  the  Nemertini^  TurheUarioj  and  Ctennphora^  and 
regards  it  as  having  arisen  tolerably  directly  from  mncb 
more  primitive  coelenterate  forms  than  is  possible  on  the 
assumption  of  derivation  from  Medusa?.  It  should  be  ex- 
pressly noted  here  that  we  necessarily  abandon  the  realm  of 
positive  demonstration  in  making  these  statements,  which 
scarcely  have  any  higher  value  than  that  of  mere  conjec- 
tures. 

To  us  the  facts  appear  to  indicate  that  the  ancestral  form 
arose  rather  directly  from  a  uniformly  ciliated  gfastmla- 
like  archetype  by  a  change  in  the  mode  of  locomotion.  Snch 
a  primitive,  completely  and  uniformly  ciliate<i  organism 
exhibited  an  anterior  apical  and  a  posterior  oral  pole. 
Secondary  axes  had  not  yet  been  developed ;  the  form 
presented  at  first  the  monaxial  hetero])olar  type.  It  i.s 
possible,  and  in  view  of  the  ancestor  of  the  Ctenophora 
probable,  that  on  this  form  ceilain  difTerentiations  made 
their  appearance  without  causing  an  abandonment  of  the 
monaxial,  hetcropolar  form,  or  the  radial  form  that  aros«> 
fmm  it.  Among  these  differentiations  we  reckon  a  toft  of 
<Mlia  at  the  animal  pole  functioning  as  a  rudder  (the  earliest 
fundament  of  the  apical  plate),  an  ectodermal  pharyngeal 
tube,  and  the  formation  of  diverticula  of  the  entodermal 
|)ortion  of  the  intestine,  by  the  regular  distribution  of  which 
around  the  chief  axis  the  first  impetus  to  the  formation  of 
definite  secondary  axes  was  probably  given. 

It  niurit  be  mentioned  that  many  Actinian  lane  present  exactly  the 
itructure  described  [Sci/phuia).  However,  this  rcHemblance  U  probably 
founded  merely  on  analofiy,  for  in  the  Cnidaria  we  assume  that  the 
formation  of  radial  gastral  pouches  took  place  only  after  attachment 
and  the  development  of  an  Archhydra  stage,  whereas  the  Ctenophora  and 
liilateria  probably  never  had  an  attached  anoestral  form. 
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The  original  mode  of  locomotion  of  the  uniformly  ciliated, 
radial  ancestor  described,  which  had  arisen  from  the  gas- 
trala  stage  bj  means  of  some  farther  differentiations,  was 
spiral,  SDch  as  we  may  still  see  in  the  ciliated  plannlas  of 
many  lower  animals.  It  depended  upon  a  combination  of 
a  progressive  movement  in  the  direction  of  the  longitudinal 
axis  with  a  rotation  of  the  entire  body  about'  this  axis. 
The  ancestral  forms  of  the  Platyhelminthes  have  perhaps 
been  directly  developed  from  such  a  uniformly  ciliated  stock- 
form  by  the  assumption  of  the  creeping  mode  of  life,  and 
the  ancestors  of  the  Ctenophora  may  have  been  developed 
by  a  change  in  the  method  of  pelagic  swarming  and  by  the 
formation  of  rows  of  ciliary  plates.  Whereas  in  the  latter 
case  the  rotation  around  the  longitudinal  axis  sank  into 
insignificance,  and  the  combined  force  of  the  ciliary  plates 
was  concentrated  on  propulsion  in  the  direction  of  the  longi- 
tudinal axis,  in  those  forms  which  effected  the  transition 
to  the  Trochophore-like  ancestor  a  change  of  movement 
took  place.  In  these  cases,  though  the  body  as  a  whole 
ceased  to  rotate,  the  rotatory  movement  was  retained  in  the 
trochal  organ  in  the  form  of  a  regular  circular  wave  of 
contraction,  whereby  this  organ  was  in  position  to  under- 
take a  function  in  relation  to  the  body  (now  progressing 
in  a  constant  position)  similar  to  that  of  the  ship's  screw 
in  relation  to  the  hull  of  the  ship.  Hand  in  hand  with  this 
alteration  in  the  mode  of  locomotion  went  a  higher  differentia- 
tion of  the  ciliary  locomotor  apparatus,  by  means  of  which 
the  passage  from  the  original  uniform  coat  of  cilia  to 
distinct  locomotor  organs  was  brought  about.  As  such  are 
to  be  mentioned  the  tuft  of  cilia  functioning  as  the  rudder 
and  the  rows  of  cilia,  but  especially  the  preoral  ciliated 
band. 

It  is  possible  that  the  bilaterally  symmetrical  distribution 
of  the  body-masses  was  directly  developed  in  connection 
with  the  above-mentioned  changes  in  the  form  of  motion 
by  means  of  which  the  body  was  balanced  in  its  forward 
moyemeut.  At  any  rate,  one  of  the  most  important  factors 
for  the  development  of  bilateral  symmetry  is  to  be  sought 
in  the   shifting  of  the   mouth-opening,  which   now  moved 
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forwards  from  the  posterior  pole  of  the  body,  thus  deter- 
mining as  ventral  the  side  of  the  bodj  on  which  this 
shifting  took  place.  The  first  cause  of  this  forward  mig^nir 
tion  of  the  mouth,  daring  which  the  opposite  edges  of  the 
posterior  parts  of  the  blastopore  SQCcessiyelj  approached 
each  other  until  the  slit  thus  produced  was  at  last  entirely 
closed,  is  to  be  sought  in  the  significance  of  the  trochal 
organ  as  a  food-procuring  apparatus  and  the  importance 
of  the  approach  of  the  mouth  toward  it.  Bj  su(Sh  %  change 
in  the  position  of  the  mouth,  the  relations  of  the  primary 
axes  were  disturbed,  so  that  henceforth  the  chief  axis  of 
the  body  can  no  longer  be  referred  directly  to  the  primary 
axis  ;  for  this  reason  the  Bilateria  are  also  designated  as 
Hetei-axonia  (Hatschek). 

Owing  to  the  resemblance  which  the  Pilidium  and  many  Turbellarian 
larvffi  present  to  the  Trochophore,  one  might  also  be  inclined  to  derive 
the  Platyhehiiinthes  and  Nemertini  directly  from  a  Trochophore>like 
ancestor.  The  complete  ciliation  of  these  forms  woald  then  be  not 
primitive,  but  re-acquired  after  the  transition  to  the  creeping  mode  of 
life  (tliercfore  as  in  Grloplana,  comp.  p.  157).  On  the  other  hand,  it 
must  be  pointed  out  that  ciliated  bands  are  developed  in  great  variety 
in  pelagic  larva*,  and  we  are  certainly  not  in  position  to  prove  the 
homology  of  all  these  bands.  Hence  the  resemblance  of  these  larval 
forms  to  the  true  Trochophore  of  the  Annelida  is  perhaps  to  be  referred 
merely  to  analogy  in  development,  which  woald  have  its  cause  in  a 
developmental  tendency  in  this  direction  inherited  from  the  common 
ancestor. 

As  a  result  of  the  development  of  the  most  important 
locomotor  organs  in  the  anterior  half  of  the  body,  it  came 
about  that  the  organs  of  the  animal  functions  arose  in  this 
region.     It  is  this  part  of  the  body  which,  as  head,  we  place 
in  contrast  with    the  posterior,  subsequently  elongated  por- 
tion of  the  Trochophore,  which  is  called  the  trunk,  and  gin 
rise  particularly  to  organs  of   vegetative   functions.      Tl**-- 
fruitfulness  of  the  conception,  in  the  interpretation  of  t^ 
Annelid  body,  that  head  and  trunk  are  distinct,  has  01 
been  e({ualled  by  the  difficulty  of  determining  the  prec 
boundaries  between  these  two  primary  regions  of  the  bod 

In  the  first  place,  the  question  arises  whether  the  mo^vm.  ^ 
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is  to  be  assigned  to  the  head  or  to  the  trnnk.  In  the 
Bolntion  of  this  problem  the  condition  of  the  mesoderm 
plays  a  particalarlj  important  r61e.  No  real  coelom  appears 
to  be  formed  in  the  portion  lying  in  front  of  the  mouth  ; 
on  the  contrary,  the  first  pair  of  primitive  segments  is  said 
to  surround  the  pharynx.  If  this  were  so,  then  a  distinction 
would  really  be  established  between  the  preoral  and  the 
oral  portions,  and  the  latter  would  have  the  greater  re- 
semblance to  the  body  segments.  However,  this  distinction 
is  later  obliterated  owing  to  the  fact  that  portions  of  the 
mesoderm  from  the  most  anterior  primitive  segments  migrate 
into  the  preoral  region  and  form  its  muscnlatare.  Thas 
interpretations  differ,  inasmuch  as  the  preoral  part  alone 
( Klein ENBERo)  and  also  that  together  with  the  oral  segment 
(Hatschek)  have  been  taken  to  be  the  head  portion.  More- 
over, induced  by  the  peculiar  phenomena  in  non-sexual 
reproduction,  some  authors  have  gone  farther  than  this  and 
considered  a  greater  number  of  segments  (as  many  as  six) 
as  the  head  portion  of  the  worm  (Semper,  v.  Kennkl).  The 
first  and  last  theories  seem  to  ns  to  go  too  far.  Until  the 
final  settlement  of  the  question  how  the  mouth  and  the 
pharynx  are  related  to  the  first  primitive  segment,  wo  would 
reckon  the  mouth  region  as  belonging  to  the  head  of  the 
worm. 

The  transition  from  the  Trochophore-like  stock-form  to 
the  real  Annelid  ancestors  (Archiannelida)  took  place  by 
considerable  growth  in  length,  whereby  the  trunk  portion 
of  the  worm  became  larger,  and  the  primary  head  portion 
less  and  less  conspicuous.  At  the  same  time  a  change  in 
the  mode  of  life  took  place,  the  pelagic  being  exchanged 
for  the  creeping  habit. 

The  larval  stages  belonging  to  this  transition  are  dis- 
tinguished especially  by  the  terminal  growth  of  the  body. 
Near  the  posterior  end  of  the  body,  which  we  can  henceforth 
distinguish  as  the  anus> bearing  terminal  segment,  is  found 
a  zone  of  proliferation,  from  which  new  cell  material  is 
oontinaally  being  given  ofif  forward  to  the  elongating  trunk 
portion.  Since,  at  the  same  time  with  this  growth  in 
length,   the   segmentation  of  the  trunk   is  established,   it 
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follows  (bat  the  most  anterior  segmenta  of  tha  tmok  ar« 
formed  Grat,  and  therefore  are  the  most  diSereutiHted  udm 
in  the  develupinfr  larva,  while  behind  follow  joanger  and 
younger  ones.  The  growth  of  the  Annelid  body  therefore 
does  not  depend  upon  growth  of  the  body  in  all  direotiona, 
bat  upon  a  partial  (terminal)  growth,  since  new  Begmrata 
are  always  being  napplied  from  a  Eone  of  proliferation  Irinn 
nenr  the  posterior  end  of  the  body  (in  front  of  the  terminnl 
segment).  This  product! re n ess  of  a  restricted  portion  of 
the  body  strongly  recalls  certain  kind*  of  non-aexvAl  re- 
production, and  thei-efore  the  pi-ocess  ban  been  called,  even 
in  this  case,  a  "  budding  of  the  segments."  That,  howorer, 
ia  an  inaccurate  mode  of  expression.  The  moat  natural 
Domparisons  are  those  with  the  tapeworm  chain  and  with 
the  fitiYibilaof  the  Key  p  ho  medusa?.  The  point  of  compariaon 
in  all  theiae  coses  lies  in  the  production,  from  a  certain  Eone 
ot  piujiferation,  of  bomodynamic  portions  of  the  body,  which 
become  to  a  certain  extent  independent.  Kor  this  reaaon 
the  view  ban  been  expressed  that  in  the  segnientA  of  ibv 
Annelid  body  we  have  before  as  single  individuals  (which 
do  not  arrive  at  complete  separation),  and  accordingly  in 
the  entire  body  of  the  Annelid  a  stock  or  carm.  It  aeein* 
Bcai'cely  favorable  to  this  thi'ory  that  the  degree  of  in- 
dependence which  the  individual  segments  present  ia  cam- 
paratively  slight.  The  most  important  organs  (nervnas 
system,  body  moscalatare,  blood- vascular  system)  ahow 
themselves  to  be  single  fundaments  of  the  entire  body,  and 
are  also  developed  as  such  even  though  they  also  exiiibtt 
evidences  of  metamerism.  Even  the  excretory  uanala  may 
give  np  their  segmental  isolation  and  become  united  to  one 
another  by  means  of  longitudinal  canals.  The  mropariaoa 
with  ibe  single  fondaments  of  tbe  other  systems  of  organ* 
inclines  ns  to  the  opinion  that  tbe  developmi»nt  at  tbe 
nephridia  from  separate  fnndaments  (Bkkqii)  rcprcaimts  •« 
Ctenogenetically  altered  condition,  and  that  the  ncphridii^. 
system  was  originally  developed  by  separation  from  ■  cotK^i 
mon  cord  (Hatschek).  By  such  an  assumption  the  cot=HC= 
parison  of  the  nephridial  system  of  the  Annelida  aa  a  wbc^l 
with  the    excretory  organs  of  the  Platyhelminthee    woc&S 
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become  possible,  since  the  longitadinal  stems  in  the  two 
cases  could  be  looked  upon  as  corresponding  to  eacb  other 
(whereby  we  even  have  in  mind  a  former  connection  of  the 
permanent  nephridia  with  the  head  kidney).  At  all  events, 
the  anatomy  and  development  of  the  Annelid  body  permit 
the  establishment  of  the  interpretation  of  the  entire  body 
as  an  individual.  Just  as  in  the  consideration  of  the  tape- 
worm chain  we  were  induced  by  the  comparison  with  un- 
segmented  forms  to  refer  the  entire  chain  to  an  unsegmented 
individual,^  and,  on  the  other  hand,  to  see  in  the  proglottis, 
not  a  complete  individual,  but  only  the  abstricted  hinder 
portion  of  the  body  of  the  Cestode,  in  the  same  manner, 
and  with  much  more  reason,  we  adhere  to  the  individuality 
of  the  Annelid  body.  We  can  accordingly  recognize  in 
metameric  segmentation  only  the  regular  repetition  of  certain 
gproaps  of  organs  in  the  trunk  at  uniform  intervals. 

In  the  question  of  the  origin  of  the  metameric  segmenta- 
tion we  shall  have  to  ascertain  whether  the  synchronism 
of  the  terminal  growth  of  the  body  and  the  appearance  of 
metameric  segmentation  correspond  to  a  palingenetic  con- 
dition. In  other  words,  in  the  hypothetical  ancestral  form 
were  new  segments  successively  added  behind  during  in- 
crease in  length,  so  that  forms  with  many  segments  arose 
from  those  with  few  by  gradual  increase  in  the  number  of 
segments  ?  The  fact  that  the  growth  of  the  body  in  length 
by  the  formation  of  new  segments  at  the  posterior  end  is 
typical  in  all  Annelids  and  the  forms  derived  from  them 
(Arthropoda)  is  an  argument  in  support  of  this  theory.  In 
that  case  we  might  perhaps  be  inclined  to  the  opinion,  as 
stated  by  Hatschek,  that  in  ancestral  forms  enlarging  by 
terminal  growth  the  differentiation,  originally  progressing 
continuously,  became  intermittent,  and  thus  reached  the  type 
of  the  metameric  animal.  But  another  view  may  also  be 
maintained,  and,  as  it  seems  to  us,  with  quite  as  much 
justice — a  view  which  is  based  upon  the  assumption  that 
at  first  an  unsegmented,  elongated  ancestral  form  was  pro- 
duced by  terminal  growth,  whereupon  the  entire  body  be- 

*  There  is  a  considerable  difference  between  this  and  the  process  of 
itrobilization. 
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came  separated  at  once  into  a  large  number  of  sefpnente 
by  a  rearrangement  of  the  indiyidaal  organs.  This  assamp- 
tion  is  supported  by  the  consideration  that  with  the  lateral 
sinaons  movement  of  the  body,  and  with  the  rigidity  of  the 
tissaes  caused  by  increasing  differentiation,  the  formation 
of  alternating  regions  of  g^reater  and  less  motility  was  of 
considerable  adyantage  to  the  individual,  and  rendered 
possible  a  further  elongation  of  the  body.  The  first  cause 
for  the  appearance  of  metamerio  segmentation  would  then 
be  songht  in  the  manner  of  locomotion  and  in  mechanical 
conditions.  However,  this  latter  view  is  not  supported  in 
any  way  by  embryology. 

Even  though  we  have  not  been  able  to  give  a  positive 
decision  on  these  difficult  questions,  yet  it  seems  to  ua  ap- 
propriate, in  the  present  state  of  knowledge,  to  indicate  the 
direction  of  f ature  inquiry  by  which  a  possible  solution  of 
the  questions  is  to  be  sought. 
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CHAPTER  XI. 
SIPUNCULID^. 

Our  knowledge  of  the  development  of  the  SipuncuUcUe  is  still 
very  meagre.  Concerning  Sipunculus  and  Fhascolosoma^ 
the  embryology  of  which  has  been  studied,  we  know  that 
they  possess  larvEB  which  may  be  compared  to  the  Trocho- 
phore.  The  development  of  Sipunculus,  which  has  been 
thoroughly  dealt  with  by  Hatschek,  presents  many  pecaliari- 
ties,  above  all  the  formation  of  an  embryonal  membrane. 
The  Trochophore-like  larva  does  not  arise  directly  from  the 
embryo,  bnt  the  latter  is  snrroanded  by  a  cellular  mem- 
brane, as  if  by  an  amnion. 

I.— The  Development  of  Sipunculus. 

The  first  stages  in  the  development  of  Sipunculus  are  not 
known.  By  pelagic  fishing,  Hatschek  captured  the  embryos 
in  the  blastula  stage.  In  these  embryos  the  fundaments  of 
the  three  germ-layers  can  already  be  recognized  (Fig.  158  A), 
The  thickened  part  of  the  spherical  blastula  consists  of  tall 
cells,  the  entoderm;  there  is  prominent  among  these  a 
particularly  large  cell,  which,  in  contrast  to  the  other 
(prismatic)  cells,  retains  a  more  spherical  shape.  This  is 
the  first  mesoderm  cell.  It  lies  in  the  median  plane  between 
the  ectoderm  and  entoderm,  and  marks  the  posterior  part  of 
the  embryo  (Fig.  158  A).  The  free  space  which  existed 
between  the  embryo  and  the  egg-membrane — the  latter  being 
traversed  by  radial  pores — disappears  during  the  blastula 
stage,  owing  to  the  fact  that  the  cells  apply  themselves  to 
the  egg-membrane.  They  send  out  cilia  through  the  pores 
of  the  membrane,  so  that  the  embryo,  together  with  the  egg^ 
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memfanine,  now  begins  to  rotate.  The  vNietaftre  pole,  whieli 
begins  to  flatten,  aod  then  to  InTaginate,  remaiiu  free  from 
uSlia. 

In  the  formation  of  the  ai-chenteron  a  nniall  part  of  that 
portion  of  the  bInHtnIn  which  is  still  to  be  assigned  to  the 
ectoderm  (Fig.  \b6  B)  is  also  inraginated.  The  bimmlar)' 
between  it  and  the  entoderm  is  mai-ked  bj  the  nieNudenn, 
which  has  increniieil  to  two  cells  (the  primitive  meouderm 
cells)  and  now  moves  inward.  The  two  cells  am  tj:'inine- 
trical  in  relation  to  the  median  plane.  The  depression  of  the 
ectoderm  already  mentioned,  which  follows  that  of  tlir 
entoderm,  gives  the  first  impnlse  to  the  development  of  ibc 
permanent  larval  skiu.  It  sinks  in  deeper  and  docper  and 
benda  over  forwards,  forming  in  this  way  a  lamella  of  thick 
cells  (Fig.  158  Cand  D,rp).  The  plate  remains  tompnmriljr 
united,  \ty  means  of  an  amniou-like  fold  that  is  not  exten- 
sive, it  is  trap,  with  the  primitive  ectoderm,  which  tana 
appears  onlj*  as  the  sei-osa  (Fig.  158  D).  HiTKCHtK  calls 
the  plate  the  trunk-plate  in  contrast  to  the  head-plate, 
which  is  also  differentiated  from  the  primitive  ectoderm. 
This  differentiation  takes  place  as  follows: — In  the  region  of 
the  animal  pole  (con-esponding  to  the  apical  plate),  which 
has  now  also  become  thickened,  the  cell  plasma  retntcta 
from  the  egg-membrane  in  an  annular  furrow,  and  thna 
gives  rise  tu  a  circular  space  (Fig.  l-'>8  It  to  h,  Ira")  be- 
tween the  pennanent  ectoderm  and  an  outer  1  a}' er  (serosa). 
The  head-plate,  therefore,  coifesponds  to  the  apical  platv. 
The  apace  between  it  and  the  serosa  (the  amnion  ia  onljr 
slightly  developed  here)  UATi>CHKK  calls  the  head  antiiolic 
cavity  (ka),  and  that  between  the  trauk-plato  and  serosa  th* 
trunk  amniotic  cavity  (ro).  The  fold  which  would  oorrr- 
spond  to  the  amnion  on  the  trunk-plate  is  retftined  for  a 
short  time  and  is  then  included  in  the  formation  of  the 
trnnk-plate.  The  trunk-  and  head-plates  alone  supply  ihe 
ectoderm  of  the  larva.  All  the  i-est  of  the  ectoderm  of  the 
embryo  is  employed  in  the  formation  of  the  embryonal 
membrane  (serosa).  The  sei-osa  grows  over  the  trank-plat« 
and  completely  encloses  it  (Fig.  15S  J)  and  £,  $«) ;  boweter, 
this  is  not  the  utwe  at   the  opposite  (animal)   pole.     Thv 
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head-plate  is  not  overgrown  bj  the  serosa,  and  conseqaentlj 
a  oircnlar  opening  is  always  retained  here. 

In  consequence  of  a  complicated  process  of  growth,  regard- 
ing the  details  of  which  the  reader  mnst  be  referred  to 
Hatschek*s  descriptions,  the  at  first  median  band-like 
tmnk-plate  spreads  considerably  and  grows  oat  towards  the 
sides  and  then  dorsal  ly,  finally  to  unite,  at  the  termination 
of  the  embryonic  period,  with  the  head-plate,  which  has 
likewise  enlarged  somewhat.  During  this  circumcrescence 
of  the  internal  parts  by  the  trunk-plate,  a  change  in  the 
position  of  the  embryo  takes  place.  The  posterior  part  of 
the  trunk- plate  had  even  before  this  turned  toward  the 
animal  pole,  and  thereby  was  in  a  position  to  supply  the 
dorsal  part  of  the  ectoderm  (comp.  Fig.  158  2>  and  E).  In 
the  region  of  the  blastopore,  which  closes,  the  oesophagus  had 
been  formed  from  the  ectoderm  at  an  early  period  (Fig.  ]  58 
D,  bl).  This  part  also  changes  its  position,  for  it  moves 
more  toward  the  apical  plate,  whereas  the  entodermal  sac  is 
crowded  further  backwards  (Fig.  158  E).  As  a  result  of 
this,  the  position  of  the  mesoderm  is  necessarily  altered 
(Fig.  158  Gf  D,  and  E),  It  is  moved  from  the  posterior 
part  of  the  larva  further  forwards.  Its  cells  have  meanwhile 
greatly  multiplied,  and  two  mesodermal  bands  have  arisen 
from  it  (Fig.  158  E,  mes).  The  latter  do  not  undergo  a 
segmentation ;  on  the  contrary,  a  fissure  makes  its  appear- 
ance in  them,  which  separatee  them  into  a  splanchnic  and 
somatic  layer.  This  differentiation  is  first  noticeable  in  the 
anterior  part  of  the  mesodermal  bands,  and  proceeds  from  in 
front  backwards. 

The  complete  development  of  the  embryo  is  reached  by 
the  gradual  closing  of  the  permanent  ectoderm.  We  saw 
that  the  primitively  band-like  trunk-plate  curved  over 
toward  the  dorsal  side,  and  that  its  end  moved  toward  the 
apical  plate.  Since  the  band -shaped  trunk-plate  lies  in  the 
median  line,  the  embryo  of  such  a  stage  appears  in  a 
median  section,  almost  enclosed  by  the  permanent  ectoderm 
(Fig.  158  E) ;  however,  this  is  not  actually  the  case,  for, 
although  the  ventral  and  dorsal  parts  of  the  trunk- plate  also 
spread  out   laterally,  yet  they  remain  separated  on  either 
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finally  fuse  in  the  lateral  lines;  farthermore,  a  complete 
fusion  takes  place  with  the  head- plate  (Fig.  158  E  and  F). 
An  ectodermal  invagination  at  the  posterior  dorsal  part  of 
the  larva  produces  the  hind-gut,  and  fuses  with  the  entoderm. 
The  deep  and  voluminous  fundament  of  the  fore-gut  now 
does  the  same.  Two  invaginations  make  their  appearance 
on  the  cBSophagus :  an  anterior,  which  is  developed  into  a 
gland  with  a  ciliated  efferent  duct,  and  a  posterior,  the 
fundament  of  the  pharynx  (Fig.  158  JP,  dr,  and  «).  Stout 
cilia  make  their  appearance  in  the  circumference  of  the 
body  behind  the  mouth -opening,  and  form  the  post-oral  cili- 
ated band  (Fig.  158  F).  The  embryo  is  now  ready  to  hatch. 
It  has  up  to  the  present  retained  its  spherical  shape ;  but  at 
the  time  of  hatching  it  passes  into  the  permanent  shape  of 
the  larva,  owing  to  the  appearance  of  a  constriction  behind 
the  ridge  that  bears  the  circle  of  cilia  (Fig.  159)  ;  this  marks 
off  the  broad  anterior  part  of  the  body  from  the  conical  pos- 
terior portion.  At  the  same  time  the  entire  body  enlarges, 
and  its  cellular  walls  consequently  become  thinner.  Hatch- 
ing takes  place  by  the  pointed  end  of  the  larva  breaking 
through  the  serosa  and  egg-membrane  at  the  pole  opposite 
the  apical  plate  and  the  emergence  of  the  embryo  at  this 
point  (Fig.  158  F)-  The  connection  with  the  serosa,  as  far 
as  it  still  exists,  breaks,  and  the  tuft  of  cilia  of  the  apical 
plate  is  withdrawn  through  the  pores  of  the  egg-membrane, 
to  be  retained  by  the  larva.  The  egg-membrane  itself  re- 
mains for  a  while  on  the  larva  like  a  helmet. 

The  larva  of  Sipunculus  strongly  resembles  the  Trocho- 
phare^  but  differs  from  it  in  the  absence  of  the  preoral 
ciliated  band  and  the  great  reduction  of  the  preoral  part 
of  the  prostomium  (Fig.  159).  As  a  result  of  this,  the  apical 
plate  comes  to  lie  in  the  vicinity  of  the  mouth,  which  is 
shifted  well  toward  the  anterior  end  of  the  larva.  The  usual 
three  regions  of  the  intestine  can  be  recognized,  though  the 
hind-gut  opens  to  the  exterior  on  the  dorsal  side  (Fig.  159)  ; 
this,  however,  is  frequently  observed  in  Annelid  larvsB.  A 
head  kidney  has  not  as  yet  been  observed.  The  internal 
organization  is  of  a  higher  grade  than  is  general  in  the 
Trochophore,  and  in  part  already  corresponds  to  that  of 
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the  adalt  worm.  This  applies,  for  example,  to  the  arrange- 
ment of  the  mesoderm,  which  is  seen  clothing  the  walla  of 
the  body  and  intestine  as  the  somatic  and  splanchnic  layers, 
though,  according  to  Hatscbek,  the  somatic  layer  also  snp- 
pliea  the  covering  of  the  fore-  and  hind-gnts,  so  that  only 
the  covering  of  the  entodermal  part  of  the  intestine  (the 
mid-gat)  arises  from  the  Eplanchnic  layer-  If'rom  the  somatic 
layer  arise  alBo  the  four  retractors  of  the  anterior  part  of 
the  body,  which  are  developed  even  in  the  larva,  and  extend 


from  the  head  i-egioa  to  the  a 


structure  assumed  a  looped  form, 

inside  it  (Figs.  168  F,  159  n).     There  are  eel 

mesodermic  origin,  resembling  blood  corposcl 


(Fig.  159  r).  In  conse- 
qaunce  of  thiB  arrange- 
ment,  the  anterior  part 
of  the  larva  can  be  in- 
vaginated  into  the  pos- 
terior part.  A  circniar 
muscle  lying  behind  the 
ciliated  band  (Fig.  159 
7-711)  serves  to  close  the 
opening  of  the  invagina- 
tion in  the  larva,  which 
in  this  retracted  condi- 
tion is  almost  spherical. 
The  paired  nephridia, 
which  in  their  etmcture 
correspond  to  those  of 
the  Annelida,  are  also 
p:'odsced  fivm  the  soma- 
tic layer  of  the  meso- 
derm. At  quite  an  early 
stage  of  the  embryo  a 
mesoderm  cell  was  dia- 
tingnishable  from  the 
rest  by  its  strilcingly 
yellow  colonr.  Some 
other  cells  were  then 
added  to  it.  The  entire 
id  a  lamen  was  escaTated 
likewise  of 
which  were 
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detached  from  the  peritoneal  epithelium,  and  are  foand 
floating  free  in  the  body  cavitj. 

The  metamorphosis  of  the  Sipunculus  larva  into  the  adnlt 
animal  is  first  indicated  in  the  considerable  growth  of  the 
body  and  the  redaction  of  the  head  portion.  Connected 
with  this  is  the  complete  displacement  of  the  month  to  the 
anterior  end  and  the  further  shoving  forward  of  the  anns, 
the  latter  being  brought  about  bj  the  more  rapid  growth  of 
the  extreme  posteiior  portion  of  the  body.  The  ciliated 
band  gradually  atrophies.  It  has  nothing  to  do  with  the 
development  of  the  tentacles,  which  take  their  origin  as 
evaginations  of  the  margins  of  the  mouth.  The  brain  arises 
from  the  lower  layers  of  the  apical  plate,  which  has  become 
several  layers  thick.  The  ventral  nerve  cord  arises  in  the 
ventral  middle  line  from  an  ectodermal  thickening,  which 
progresses  from  in  front  backwards.  The  oesophageal  con- 
nectives grow  from  its  anterior  end  towards  the  brain, 
therefore  in  a  direction  opposite  to  the  growth  of  the  ventral 
cord,  and  contrary  to  the  method  of  outgrowth  in  the  Anne- 
lida, where  the  apical  plate  grows  out  into  the  connectives. 

Two  additional  pigment  spots  are  added  to  the  two  which 
had  already  arisen  in  the  larva  in  connection  with  the  apical 
plate  (Fig.  158  F).  The  provisional  organs  of  the  intestine — 
the  glands  and  the  so-called  pharynx — atrophy ;  the  intes- 
tine itself  increases  in  length  and  is  thrown  into  several 
loops  (Fig.  159).  On  the  dorsal  side  of  the  intestine  there 
arises  from  its  mesodermal  covering  a  blood-vessel ;  but  this 
does  not  take  place  until  quite  late.  The  longitudinal  and 
circular  muscle-layers  of  the  dermo-muscular  sac  are  differ- 
entiated much  earlier.  The  nephridia  are  said  to  undergo 
a  peculiar  change,  terminating  internally  in  vesicular  en- 
largements, while  their  external  openings  are  retained. 

The  condition  of  the  nephridia  recalls  the  statements  made  by  Schau- 
IHBLAKD  that  in  the  PriapulidsB  the  nephridia  are  closed  and,  on  the  one 
hand,  function  with  their  blind  ends  as  excretory  organs,  while,  on  the 
other  hand,  they  are  directly  united  with  the  germaria,  and,  in  fact,  accord- 
ing to  ScHAUiN8LAND*8  description,  even  arise  from  the  latter.  Thus  even 
in  dosed  nephridia  their  function  as  an  efferent  apparatus  of  the  genital 
products  would  be  explicable.     It  should  be  mentioned,  however,  that 
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the  nephridia  of  the  adolt  Sipuneului  are  described  as  opening  towards 
the  body  cavity,  and  that  the  sexual  glands  are  explained  as  growths  of 
the  peritoneal  epithelium,  the  products  of  which  are  set  free  in  the  body 
cavity,  and  from  there  pass  into  the  funnels  of  the  nephridia. 


.—The  Development  of  Phascolosoma. 

According  to  Selbnka's  description,  the  deyelopment  of 
Phascolosoma  elongcUum  is  much  simpler  than  that  of  Sipun' 
cuius.  Following  an  unequal  cleavage,  there  arises  an 
epibolic  gastrula^  which  is  said,  however,  to  be  converted  into 
a  kind  of  invaglncUxon  gcutnda  after  the  division  and  inva- 
gination of  the  macromeres,  which  soon  ensue.  Cilia,  which, 
as  in  SipufuniluSf  perforate  the  egg-membrane,  make  their 
appearance  early.  Thej  form  a  tuft  at  the  apical  pole  and 
a  post-oral  ciliated  band  ;  however,  a  preoral  band  is  also 
present,  so  that  in  Pha$colosoma  the  resemblance  to  the 
Tror,hophore  is  greater.  The  blastopore  is  said  to  be  directlj 
converted  into  the  mouth ;  the  anus  in  this  case,  too,  lieff 
on  the  dorsal  side.  The  formation  of  an  embryonal  mem- 
brane is  not  described  by  Selen ka  ;  on  the  contrary,  this  in- 
vestigator states  that  the  egg-membrane 
becomes  the  cnticula  of  the  larva,  as  has 
already  been  described  for  some  Annelids. 
The  embryo  (the  larva)  then  simply  elon- 
gates, so  that  here  a  stage  quite  similar 
to  that  in  Sipuficulus  is  reached,  but  in  a 
simpler  manner. 

The  larva,  which,  as  one  of  the  last 
stages,  was  observed  by  Selekea,  is  elon- 
gated (Fig.  160).  The  trunk,  which 
much  the  more  voluminous,  is  se 
from  the  small  head  portion  by  means  o: 
a  thick,  collar-like  ridge,  which  bears  th< 
post-oral  ciliated  band.  A  large  portioi 
of  the  head  is  occupied  by  the 
preoral  band  of  cilia,  and  at  the  anterior 
end  the  ciliated  tuft  of  the  apical  plat 
projects.  The  head  bears  two  eye-spots.  The  hooks  whicl 
constitute  the  armature  of  the  adult  animal  make  their  a; 
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pearance  in  front  of  the  coHar.  Two  paira  of  rigid  bristles 
(Fi^,  160)  arise  on  the  trank,  each  of  which  belongs  to  an 
ectodermal  cell.  A  third  pair  ia  subsequently  added  to 
these.  SELE^'EA  is  iuclined  to  compare  them  to  the  aetce  of 
the  Annelida.  The  latter  arise,  it  is  trne,  as  ectodermal 
structm-oa,  though  not  in  so  simple  a  way  as  here. 

General  Considerations.— With  the  limited  knowledge 
that  we  possess  of  the  development  of  the  different  genera 
of  Sipniicolidtn,  it  is  difficolt  to  pass  judgment  on  the  syste- 
matic position  of  this  gronp.  Until  quite  recently  the 
Sipuncittidm,  with  the  Echiaridte,  were  usually  united  into 
the  group  of  Gephyrea.  The  grounds  wliicU  ted  to  this 
associaticm  were  rather  of  an  external  natui'e.  A  comparison 
of  the  anatomical  and  embryological  data  proves  that  the 
two  groups  exhibit  no  special  resemblances.  The  so-called 
proboscis  of  the  EchiuridiB  corresponds  to  the  elongated 
cephalic  lobe  of  the  larva;  the  mouth  lies  at  its  base,  but 
in  the  Sjpuncnlidffi  at  the  tip  of  the  prnhoscis.  The  cephalic 
lobe  entirely  degenerates  even  in  the  larva.  (Comp.  Fig. 
159,  p.  m2,  and  Fig,  145,  p.  309.)  The  differences  in 
the  etractnre  of  the  nervous  system,  and  especially  the 
musculature,  which  separate  the  Sipunculidfe  from  the 
EchiuridiB  and  also  from  the  Annelida,  are  striking.  It 
seems  very  donbtfnl  whether  these  diSerences  can  he  main* 
tnined  after  a  comprehensive  knowledge  of  the  development 
of  the  SipU7Kttlid(B,  and  if  so,  to  what  extent.  The  chief 
point  is  whether  or  not  the  Sipu-naulidce  are  to  be  derived 
from  segmented  forma,  t.e.,  whether  they  are  related  to 
the  Annelida.  In  the  Echiaridio  we  saw  that  a  segmenta- 
tion was  indicated  in  the  larva,  and  through  this  and  the 
remaining  structural  conditions  of  the  larva  we  acquired 
an  insight  into  their  relationships  to  the  Annelid  stem.  In 
SiputKulut  such  indications  are  lacking.  To  he  sure,  the 
mesoderm  here  also  splits  into  two  layers,  pi-ogressing  from 
in  front  backwards,  and  the  differentiation  of  the  nervous 
system,  which,  however,  is  aberrant  in  being  pi-oduced  from 
an  nnpaired  fundament,  takes  place  in  the  same  direction; 
bat  no  transitory  segmentation  is  indicated,  a  head  kidney  is 
not  present,  the  preoral  ciliated  band  is  lacking,  and  the 
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head  portion  sinks  into  complete  insignificance  (Fig.  159, 
p.  362).  As  re^rds  the  formation  of  the  embryonal 
membrane,  this  might  be  a  later  acquisition,  etpeciallj 
since  it  is  said  to  be  wanting  in  Phascoloioma.  Moreover, 
Selenka  argnes  that  the  pairs  of  so-called  setss  in  tb« 
latter  form  might  indicate  a  segmentation;  bnt  tbn 
evidence  cannot  be  considered  as  conclasiTe. 

Finally,  it  should  be  stated  that  the  stmctare  and  develop- 
ment  of  the  Sipunculida  do  not  disprove  relationshipa  to  the 
Annelida,  bot  that  as  yet  no  jastification  exists  for  unitiiig 
them  with  these.  We  place  them  here  next  to  the  Annelida, 
because  definite  relationships  to  any  other  branch  of  the 
animal  kingdom  are  not  demonstrable  and  because  in  the 
shape  of  their  larva  they  are  most  nearly  related  to  the 
Annelida.  A  closer  relationship  to  PKoroni$  and  the  MoUm9- 
cotdea  appears  to  us  not  yet  sufficiently  established. 
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CHAPTER  XII. 

CHiETOONATHA. 

The  ChaBtognatha  occupy  an  altogether  isolated  position  as 
regards  their  structure  and  mode  of  development.  Though 
they  most  nearly  resemble  the  Annelida  in  peculiarities  of 
stmctare,  they  differ  from  this  group  in  important  embryo- 
logical  features.  Among  the  most  characteristic  peculiarities 
of  the  development  of  the  Chastogpaatha  are  to  be  mentioned 
the  origin  of  the  mesoderm  by  the  formation  of  two  archen- 
teric  diverticula  and  the  early  differentiation  of  the  funda- 
ment of  the  sexual  organs.  Owing  to  the  absence  of  peculiar 
larval  forms,  it  is  evident  that  the  development  of  the 
ChflBtognatha  is  abbreviated.  The  developmental  history  of 
the  ChflBtognatha  has  been  made  known  chiefly  by  Geoek- 
BAUB,  KowALEVSKT,  BOtschli,  and  O.  Hertwio. 

The  eggs  of  the  Ghastognatha  (Sagitta)  after  fertilization 
has  taken  place  are  discharged  into  the  surrounding  water.^ 
They  are  spherical,  transparent,  and  contain  numerous  clear 
yolk  spherules.  They  are  surrounded  by  a  vitelline  mem- 
brane and  an  outer  gelatinous  mantle.  Gleavage  must  be 
considered  as  total  and  equal,  and  leads  to  the  formation  of 
a  regular  blastula,  which  is  characterized  by  the  tall  pris- 
matic form  of  its  cells,  which  are  grouped  about  a  compara- 
tively small  cleavage  cavity.  One  half  of  the  embryo  soon 
flattens  and  invaginates,  whereby  the  cleavage  cavity  is 
reduced  to  a  flssure.  In  this  way  a  very  regular  invagina- 
tion  gastrula  is  formed  (Fig.  161   A),   the  blastopore  of 

^  [BoTSRi  states  that  the  eggs  at  the  time  of  ovipositing  in  passing 
throui^  the  narrow  orifices  assume  an  elongated  form,  bot  that  thej 
recover  the  ronnded  shape  in  the  water.  When  the  eggs  are  laid  the  first 
polar  qnndle  is  already  formed,  and  every  egg  also  contains  a  spermata 
soOtt. — SL] 
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which  BOOH  narrows.  At  an  early  period  two  large  cells, 
the  genital  celli,  become  noticeable  at  the  bottom  of  tlie 
archenteric  iii  vagi  nation,  directly  opposite  to  the  blastopore. 
A  plane  passing  between  these  two  cells  ivotild  correspond 
to  the  foture  plane  of  Bymmetry.  In  the  course  of  fnrther 
development  the  genital  cells  withdraw  from  epithelial  con- 
tinuity in  the  wall  of  the  archenteran,  passing  into  the 
arc  hen  ten  c  cavity.  Here  they  divide  so  that  fonr 
genital  cells  lying  in  the  tranKveree  axis  can  be  distingnished 
(Fig.  161  B).  Of  these  the  two  middle  ones  represent  the 
fundaments  of  the  two  testes,  the  two  outer,  on  the  other 
hand,  those  of  the  ovaries  of  the  two  sides.  In  the  anterior 
widened  portion  of  the  archenteron  the  formation  of  two 
folds  now  takes  place  from  in  fi'ont  backwards  ;  these  push 
the  genital  fundaments  before  them  (Fig.  161  B),  and  by 
their  development  the  archenteron  is  divided  into  three 
spaces  lying  ntide  by  side,  tho  middle  one  of  which  represents 
the  cavity  of  the  mid-gut,  the  two  lateral  ones,  on  the 
other  hand,  those  of  the  paired  ccelomic  sacs. ' 

While  the  embryo  now  increases  in  length,  the  blastopore 
closes  and  the  permanent  mouth-opening  breaks  through, 
the  latter  being  accompanied  by  the  development  of  the 
fore-gat,  which  probably  arises  as  an  ectodermal  invagina- 
tion (Fig.  161  C,  st).  The  middle  one  of  these  three 
previously  formed  diverticula  acquires  in  this  way  on  open- 
ing anteriorly.  In  the  view  from  the  dorsal  side  (Fig.  162 
A)  the  blsstopore  and  pei-manent  mouth  appear  to  lie 
directly  opposite  each  other,  but  side  views  show  that  the 
blastopore  is  moved  a  little,  as  it  seems,  towards  the  ventral 
side  of  the  embryo,  so  that  accordingly  the  permanent 
longitndinal  axis  occupies  a  position  oblique  to  the  chief 
axis  of  the  gastrula. 

With  their  fnrther  growth  in  length  the  two  foldm  are 
pushed  farther  and  farther  backwards  (Fig.  161  C).      In  this 

'  [According  to  JoiniPtiN,  tbe  twoevaginutionBof  thearohenteron  do  not 
produce  the  e<tlom,  but  their  cavities  disappear,  and  at  the  lune  timii 
between  ectoderm  and  entoderm  there  is  formed  in  the  luettodenn  ■ 
fisaare.  which  becomea  the  permanent  bodj  cavil;.  Thi»  i 
coDlradiolB  those  ot  the  authors  mentioned  above.— E.  ] 
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way  the  two  primitive  cells  of  the  testes  are  also  pualied 
backwftcda  (Fig.  161  C),  whereas  the  piimitire  cells  of  the 
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ovaries  lie  at  the  sidea  of  the  folds  ami  in  tbis  way  are 
moved  rather  into  the  pair  of  ciplomic  sacs,  in  accordance 
with  their  anbaefjuent  permanent  position  (Fig.  162).  The 
embryo  benda  more  and  more  towards  the  ventral  aide, 
daring    which   a  ventral   ectodermal    thickening    bccomea 


rmbiTO  of  Stfitta  (utter 
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i  tho  fnndatneTit  of  the  ventral  ganglion  (Fiif. 


noticeable  i 
162  B,  vg). 

Hanj  obscure  points  still  exist  raguding  the  further  deTelopment. 
In  a  BpecieB  studied  by  BBtbchxj  two  portions  at  the  eieiomic  diverti- 
euln  l/ing  in  the  head  cavities  are  canstcicted  ofC  at  au  earl;  period  (Fig. 
16*2  e.  pv) ;  the  walls  of  these  are  said  to  be  employed  chieSy  in  the 
tonuatioD  of  the  roUBCulHture  of  the  bead.  In  the  species  studied  by  0. 
Hertwio,  on  the  other  hand,  the  lormation  of  soch  paired  head  cavities 
could  not  be  teoogniaed,  foe  here  in  the  course  of  the  farther  deyeloproent 
tho  walls  ot  the  mid-gut  sud  the  oielomic  sacs  are  so  closely  applied  to 
each  other  that  these  organs  soon  present  only  a  slit-like  lomen,  whicb 
finally  disappears  entirely.  A  solid,  laterally  coiupressed  ectodermal 
cord  and  two,  likewise  solid,  lateral  meHodermsl  masses,  which  contAio 
within  them  the  genital  products,  can  now  be  dietingaisbed.  All  three 
of  the  cords  grow  out  backwards,  not  only  in  the  region  of  the  future 
trunk,  but  also  in  the  tail  region,  so  that  the  latter  also  boa  an  ento- 
derraat  fundament ;  it  is.  however,  smaller  than  that  of  the  trunk  region. 
The  rudimentary  tail  portion  of  the  inlestinal  canal  is  subseqaently  em- 
ployed in  the  formation  of  the  sagittal  septum  separating  the  two  caudal 
cavities  from  each  other;  here  it  atrophies  without  acquiring  a  lumen. 
It  has  not  as  yet  been  observed  either  in  what  manner  the  transverse 
septum  between  the  trank-  snd  tall-cavities  is  formed,  how  the  canal 
opening  is  developed,  or  even  how  the  efferent  sexual  duels  are  produotd. 
Of  interest  is  the  great  extension  of  the  ventral  ganglionic  mass,  which 
remains  united  with  the  skin  throughout  life  (Fig.  162  B,  rg,  and  Fig. 
I(S3  bg),  extends  in  the  young  animal 
aloog  the  ventral  side  and  the  Uleral 
parts  of  the  entire  trunk  region,  and 
does  not  become  relatively  more  re- 
stricled  until  later.  The  Iranneritly 
tiriatid  fibres  of  the  lour  longitudinal 
muscle-bands  are  differentiated  from 
the  cells  of  the  somatic  layer  of  Ihs 
lining  of  the  ctelom  after  the  type  of 
epithelial  musculature  (Fig.  162  J, 
iro].  The  tins  arise  as  simple  evogi- 
natioDS  of  the  lateral  parts  ot  the 
ectodenu,  whereas  the  caticuUr 
eketclon  found  in  them  probablj 
arises  us  a  secretion  ot  this  eclo* 
dermal  cell-layer  at  its  base.  In 
later  stages  of  development  the  two 
cwlomi*  sacs  move  in  the  trunk 
J  region  into  close  conlMt  above  snil 
betow  the  intestinal  canal,  so  that  i 
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dorsal  and  a  ventral  mesentery  are  formed  by  their  contiguous  walls 
(Fig.  163  mei).  The  young  Sagitta  upon  hatching  from  the  egg  exhi- 
bits essentially  the  form  of  the  adult  animal. 

General  Considerations. — The  problem  as  to  the  position  of  the 
Chetognatha  in  the  zodlogical  system  is  not  brought  any  nearer  to 
solution  even  by  embryology,  and  for  the  time  being  can  be  treated 
only  with  the  utmost  reserve.  The  agreement  which  exists  between 
the  transverse  section  through  Sagitta  and  that  through  Polygordius 
has  already  been  pointed  out  by  0.  Hertwio.  As  a  matter  of  fact, 
a  significant  resemblance  in  the  tectonic  of  the  two  groups  is  shown  in 
the  presence  of  paired  entodermal  sacs  lined  with  epithelium,  a  dorsal 
and  ventral  intestinal  mesentery,  and  the  four  longitudinal  muscle- 
bands  arranged  in  pinnate  lamellae,  to  which  in  some  cases  the 
indication  of  a  transverse  musculature  is  added.  The  chief  difficulty 
in  arriving  at  a  safe  conclusion  regarding  the  position  of  the  Chcttog- 
natha  is  our  ignorance  in  regard  to  the  excretory  system.  The  sexual 
organs,  particularly  those  of  the  male  portion  of  the  body,  exhibit  an 
important  resemblance  to  the  conditions  in  the  Annelida,  and  if  it  is 
permissible  to  refer  the  efferent  sexual  ducts  to  metamorphosed  nephridia, 
we  should  have  to  ascribe  to  Sagitta  at  least  two  trunk  somites,  and 
accordingly  explain  the  Chatognatha  as  forms  in  which,  perhaps  in 
connection  with  ihe  manner  of  locomotion,  a  primitive  segmentation  of 
the  body  has  been  retained  in  a  degenerated  form  only. 

Embryologically  considered,  the  Cheetognatha  are  distmguished  from 
the  Annelida  by  the  absence  of  a  Trochophore-like  embryonal  or  larval 
stage,  and,  above  all,  by  the  characteristic  folding  off  of  the  mesoderm. 
In  order  to  harmonize  this  kind  of  mesoderm  formation  with  the  de- 
velopment of  mesodermal  bands  in  the  Aimelida,  one  would  have  to 
assume  that  [in  the  ChsBtognatha]  the  mesodermal  elements  increased 
considerably  by  proliferation  as  early  as  in  the  blastula  and  gastrula 
stages,  so  that  in  this  way  paired  mesodermal  bands  arose,  which  at  first 
remained  lying  at  the  surface  of  the  walls  of  the  archenteron,  retaining 
an  epithelial  connection  with  the  entoderm,  and  only  later,  by  the  forma- 
tion of  diverticula,  became  detached.  By  this  assumption  it  is  compre- 
hensible how,  even  in  closely  related  animals,  two  so  apparently  different 
kinds  of  mesoderm  formation  might  be  realized. 
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CHAPTER  XIII. 

ENTEROPNEUSTA. 

UsDER  the  name  of  Enteropneusta  it  is  customary  to  place 
the  isolated  form  Balanoglossus  next  to  the  Echiiiodermata^ 
since  it  scarcely  presents  closer  relationship  to  any  other 
division.  At  the  close  of  this  chapter  something  further 
will  be  said  on  its  probable  position  in  the  system.  In  order 
to  make  ourselves  more  easily  understood  concerning  the 
developmental  processes,  it  seems  necessary  to  discuss  first 
some  morphological  conditions.^ 

Anatomical. — Balanoglossits  possesses  anelongated  vermi- 
form body,  on  which  different  regions  can  be  recognized 
externally.  Anteriorly  the  so-called  acorn  [balanus],  less  ap- 
propriately called  proboscis,  is  marked  off  from  the  rest  of 
the  body  ;  upon  this  follows  the  muscular  collar,  and  then  the 
branchial  region,  which  gradually  merges  into  the  posterior 
part  of  the  body  (Fig.  164).  Acorn  and  collar  are  essentially 
a  locomotor  apparatus,  and  therefore  are  largely  composed  of 
muscle  fibres,  which  can  be  distinguished  as  external  circular 
and  internal  longitudinal  muscles..  The  cavities  inside  both 
organs  which  are  left  between  the  longitudinal  muscles  and 
connective- tissue  cells  can  be  filled  with  water  from  the  out- 
side by  means  of  one  or  two  dorsal  pores  lying  at  the  base 
of  the  acorn  (Fig.  165  j?).  Similar  pores  also  conduct  water 
into  the  cavities  in  the  collar  (Spengel).  These  conditions 
have  been  compared  to  those  of  the  water-vascular  system  of 

*■  [It  should  be  mentioned  here  that  since  the  publication  of  our  de- 
scription of  the  development  of  Balanoglossus  the  important  works  of 
Spengel  (No.  VI.)  and  Morgan  (Nob.  II.,  IV.)  have  appeared,  necessitating 
some  modifications  in  the  account  which  we  have  given.  The  most  im- 
portant of  these  will  be  pointed  out  in  what  follows. — K.] 
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tlie  Echinodermata,  nnd  it  was  indeed  supposed  that  the 
acorn  represented  a  rudimbnt  of  this  eystem,  especially  since 
the  cavity  of  the  acorn  in  its  earliest  condition  pi-esents  a 
certain  resemblance  to  the  w ate r- vase Blar  system  as  it  origi- 
nutea  in  the  Echinodermata.  It  appears  certain  that  the 
Acoi'n  serves  as  an  organ  of  lo<xjmotion.  It  was  believed  that 
it  took  ia  water  fi-om  the  ontside  by  means  of  the  proboscis 
pore,  and  that  there- 
fore it  operated  in  the 
eamo  way  as  the  ara- 
hulacral  feet  of  the 
EchinodermB  (Sprb- 
ukl).  However,  tt  haa 
been  maintained,  ork 
the  other  hand,  thnt 
pai'ticles  of  pigment 
distribated  in  the  water 
are  never  found  inside 
the  acorn,  and  that  thu 
proliascis  pore  thei'efore 
does  not  serve  for  the 
reception,  but  only  for 
the  elimination,  of  sub- 
stances from  the  inside 
(Baieson).  This  ob- 
servation is  of  parti- 
cnlar  interest, inasronch 
as  the  acurn  eontaiua 
a  glandular  strnctnre, 
which  has  been  inter- 
preted as  an  excretory 
orpan.  The  locomotion 
of  Balanoglossns  is 
effected  by  periat»ltio 
movements  on  the  part 
of  the  aeoni,  which  thus  pushes  its  way  into  the  sand.  The 
«nllar  follows  it,  also  taking  part  in  the  same  way  in  the  pro- 
^reeeioR  of  the  animal.  At  the  Eame  time  the  sand  outers 
tlie   mouth- opening,  wlucli    lies   at    the   base  of  tho  acorn, 


I 


1    body^ 


grftdnall^  fills  the  entire  intestine,  a»d  finally  passes  out 
tlii-oujih  the  auns  at  the  posterior  etui  of  the  body  as  h 
saosage-like  cord.  Thas  the  aaimal  etits  its  way,  as  it  wora, 
through  the  Band. 

The  iotestiual  canal  coaitnenoes  immediately  under   the 
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The  appendicnlar  Btroctnres  whicli  arise  fiMm  the  intestine, 
and  in  part  remain  intimately  united  with  it,  are  important 
for  the  orffanization  of  the  animal.  The  intestine  prodacM 
in  its  anterior  part  a  dorsal  evagiiiation.  which  extends  into 
the  base  of  the  acorn  (Fig.  165  di).  Between  the  ventral 
wall  of  this  evagination  and  the  epidermis  of  the  acorn  is 
inRei'ted  the  antenor  part  of  the  so-called  proboscis-  or  acorn- 
fmmework  (Fig.  165  sk),  a  skeletal  body,  the  unpaii-ed  part 
of  which  has  the  position  described,  whereas  two  arms, 
which  project  from  it  backwainls  and  downwards,  embrace 
the  fore-gnt  like  a  hoop.  They  lie  in  folds  of  the  intestinal 
wall;  they  could  not  be  introdnced  into  the  fignre.  The 
entire  skeletal  body,  acco:-ding  to  KSuleb,  BatrkON,  and 
MoKOAN,  is  a  product  of  the  intestinal  epitheliam,  i.e.,  the 
above-mentioned  evagination  of  it,  [whereas  Spengel  (No, 
VL)  InterpretH  the  acorn -skeleton  as  only  a  modiBcatton  of 
the  bounding  membrane  (Grenzmembran),  and  also  makes 
the  ctelomic  sacs  share  in  its  formation.  According  to 
Si'E.VGEL,  the  histological  Bti-ucture of  the  aconi-skeleton  in  no 
■way  agrees  with  that  of  the  chorda  dorsalifl  of  vertebrates; 
notwithstanding,  this  has  been  repeatedly  emphasized  by 
different  observei'S,  and  has  been  regarded  as  one  of  the 
pointsfor  comparison  between  Enteropnensta  and  Vertebrnta 
(oomp.  infra). — K,] 

The  gills,  which  are  most  important  (or  the  whole  inter- 
pretation of  the  animal,  occur  somewhat  farther  back  on  the 
intestine,  behind  the  collar  region  of  the  body.  They 
are  paii-ed,  pouch-like  oatfoldings  of  the  dorsal  wall  of 
the  intestine  lying  on  both  sides  of  the  middle  line  (Fig.  ltJ6 
t).  Each  of  these  pockets,  which  are  lined  with  cilia,  sends 
npwards  a  short  dnct,  which  oppna  on  the  dorsal  surface  by 
means  of  a  pore  (Fig.  166  p).  Externally  tho  i-owa  of 
branchial  pockets  can  be  recognized  by  the  transverse  arched 
bands  (Fig.  164  k).  Behind,  these  transverse  arches  become 
less  extensive,  which  indicates  that  the  formation  of  new 
giils  takes  place  even  in  the  later  stages  of  the  animal's  lite. 
A  skeleton,  formed  of  delicate  chitinons  hoops,  which  is 
embedded  in  the  walls  of  the  branchial  pouches,  serves  as  a 
protection  for  the  gills.     The  water  is  taken  in  by  the  mooth. 
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p&Bses  from  the  fore-^at  to  the  gill-pockets,  and  from  there 
to  the  oatside  world  hy  means  of  the  dorsal  pores. ' 

The  intestine  also  presents  paired  dorsal  evaginations  in 
the  parte  which  lie  behind  the  gill  region.  These  are  the 
hepatic  appendages.  They  also  inflaence  the  shape  of  the 
body,  iuanmnch  as  they  caaae  the  skin  to  protrude  (Fig. 
164),  and  the  mascalatnre  is  only  slightly  developed  at 
these  places.  The  hiadermost  portion  of  the  intestine  lacks 
the  appendicniar  stractaree,  and   extends  straight  to   the 

One  mesentery  extending  in  the  dorsal  and  another  in  the 
ventral  line  serve  for  the  attachment  of  the  intestine.  By 
means  of  the  mesenteries  the  body  cavity  is  divided  into  a 
right  and  a  left  portion,  bnt  the  two  parts  are  conflaent  in 
many  species,  oning  to  the 
perforation  of  the  dorsal 
mesentery.  The  body 
cavity  of  the  collar  is  dis- 
tinct  from  that  of  the 
trnnk,  and  also  differs 
from  it  in  its  mode  of 
origin  ;  moreover,  it  is  for 
the  most  part  rednced  by 
being  filled  with  connec- 
tive tissne  and  mascnla- 
tnre  (Pig.  IGb).  In  the 
tmnk,  on  the  contraty, 
the  greater  part  of  the 
body  cavity  is  said  to 
persist,  and  its  wall  is 
composed  of  the  longi- 
tadioal  and  circular  mns- 
cnlatnre  of  the  somatic 
and  splanchnic  layers  (Spengel). 
other  statements,  even  the  trnnk 

■  [A  full  iMomit  ol  the  ver;  compUc&ted  stmcture  of  the  gille  ie  given 
A)  BrBiraEi.'s  monogrspli  (No.  VI.),  to  which  we  particuUrl;  caUatteDtion 
ij>  the  natter  ot  this  and  other  anatomical  conditions,  and  especiall;  in 
'^iew  of  the  oonectioD  which  it  has  since  undergone. — £.] 


However,  according  to 
ivity  is  said  to  lose  the 


?78  SHBBIOLOGT 

nktnre  of  a.  trae  coelom  and  to  be  filled  with  connectire 
tisRne  and  muscles  (Kuhlbb). 

The  two  chief  vascDlar  tmnks  of  BalaitogJotnu  (Figs.  165 
and  166  rb  and  db}  extend  in  the  renfra]  mud  dorsal  middle 
lines  tietvreen  the  wall  of  tlie  intestine  and  ttiat  of  the  body. 
The  blood  flows  forward  in  the  dorsal  vessel,  backward  in 
the  ventral.  They  give  off  branches  at  regular  intervals, 
which  extend  to  the  body-wall,  to  the  intestine,  and  to  other 
organs.  According  to  Kowalevskt,  there  are  also  two 
lateral  trnnlcs  which  receive  vessels  from  the  inteBtioe  and 
from  the  gills.  Their  presence  was  confirmed  by  KOhlrr. 
It  still  appears  donbtfal  whether  the  saccular  stmctore  lying 
at  the  ba«e  of  the  acorn  and  at  least  connected  with  the 
vessels  of  the  body,  which  was  maintained  by  EGhlcb  and 
Batesos'  to  be  the  central  organ  of  the  blood -vascnlar  syatem. 
is  to  be  looked  npon  as  a  heart.  In  Fig.  165  it  {K)  is  seen 
lying  on  the  dorsal  side  of  the  intestinal  diverticnlam.  An 
oigan  (x)  lies  above  it  th&  significance  of  which  ia  still  Iran 
certain.  It  in  a  closed  saccular  body,  the  epithelial  lining  of 
which  is  greatly  thickened  anterioi'ly  (Fig.  165  x).  Owing 
to  its  intimate  relation  to  the  blood -vascnlar  system,  dne  to 
its  position,  Spesuei.  looked  npon  the  anterior  part  of  this 
organ  as  an  internal  gill  (acorn  gill),  wherBas  BATtsoN  and 
KOhlek  explain  it  aa  a  gland  (proboscis  gland),  which  has 
an  excretory  function.  To  be  sure,  a  difficulty  occurs  with 
this  explanation,  namely,  the  absence  of  the  efferent  dact; 
for  it  is  not  evident  how  the  proboscis  pore  conveys  away  the 
prodncts  of  this  "  gland,"  'which  is  a  closed  sac.  Apart  from 
this,  and  in  the  absence  of  any  other  exci-etory  organ,  this 
interpretation  is  nevertheless  natural. 

A  thick  cord,  which  lies  inthedorNnl  mid-line  of  ihe  collar, 
is  to  be  looked  upon  as  the  central  organ  of  the  nervous 
system  (Fig.  165  rfti).  It  is  said  to  posaess  a  cavity  which 
would  be  comparable  to  the  central  canal  of  the  spinal  cord 
of  the  Vertebrata  (Batesok),  but  this  is  denied  by  Spexiiki.. 
According  to  both  Spemgel  and  KOhleb,  the  cavity  is 
traversed  by  cords  of  ootls,  ao  that  only  irregolar  spaces 
appear  in  it,  KuHr.SKfartherstates  that  the  following  pecu- 
liar condition  exists:  the  internal  space  of  the  nerve  coiil 
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opens  to  the  outside  at  its  posterior  end,  the  cells  of  its  walls 
merging  into  the  epithelial  cells  of  the  body-wall.  Similar 
communications  of  the  inner  space  are  also  said  to  exist  at 
the  anterior  end  (nenropore  according  to  Bateson).  A  stout 
nerve,  which  extends  along  the  entire  dorsal  mid-line  of  the 
body,  is  given  off  from  the  central  organ.  This  in  turn  gives 
off  two  nerves  just  behind  the  collar,  which  extend  down- 
wards (ventrad),  unite  in  the  region  of  the  first  pair  of  gill- 
pockets,  and  extend  backwards  in  the  body  as  the  ventral 
median  nerve  (Fig.  166  vn). 

The  genital  organs  of  Balanoglossus  either  belong  to  the 
branchial  region  of  the  body  or  lie  behind  this.  Balanogloasvs 
is  dioecious.  Male  and  female  organs  are  entirely  alike  as 
regards  form  and  position.  The  genital  glands  lie  in  the 
form  of  simple  or  branched  tubes  on  both  sides  of  the  body, 
and  their  external  openings  are  found  one  behind  the  othei*, 
forming  two  rows  on  the  dorsal  surface  (Fig.  166  g).  In 
addition  to  these  lateral  rows  of  sexual  organs  (Fig.  164  ^), 
two  others  (median)  lying  between  the  gill-pockets  and  the 
dorsal  blood-vessel  may  make  their  appeai^ance.  In  many 
species  the  part  of  the  body  succeeding  the  gill-poaches  can 
also  be  called  the  genital  region,  for  the  sexual  organs  are 
especially  well  developed  there.  Owing  to  the  fact  that  the 
parts  which  contain  the  sexual  glands  undergo  a  great  flatten- 
ing and  lateral  extension,  wing-like  extensions  of  the  body  are 
produced  in  certain  species,  e.g,  B.  claviger  and  B.  mtnuiux, 
studied  by  Kowalevsky. 

Development   without  the  Tornaria   Larva. — The 

fertilization  of  the  eggs  takes  place  outside  the  body  in  the 
sea-water,     into   which   in    the   American   species   studied 
by    Bateson    (Balanoglossus    Kowalevshii)    both    kinds    of 
sexual   products  are  said  to  pass  by  the  rupturing  of  the 
T>ody-wall.      Artificial    fertilization   could    not    be    under- 
taken, though  Bateson  found  the  eggs  in  large  quantities  in 
the  slimy  sand  inhabited  by  the  adult  animals.     The  eggs 
zire  closely  enveloped  by  a  delicate  membrane,  which  sepa- 
rates  from   the  egg  when    fertilizartion    has   taken   place. 
Cleavage  is  total  and  tolerably  equal.     A  blastula  arises  as 
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jsequently    ^H 


tlio  result  of  it,  which  is  nt  first  spherical,  but  subsequently 
beaomes  flattened  an  one  side.  Ou  this  side  an  invagination 
then  takca  place,  and  the  result  is  a  typical  invafpnatioa 
pastrula.  Soon,  however,  the  originally  wide  blastopore 
contracts  to  a  short,  narrow  fissure.  At  the  same  time  the 
external  sni-face  of  the  embryo  becomes  covered  with  short 
cilia,  and  a  circle  of  stoater  cilia  makes  its  appearance  in 
the  vicinity  of  the  blastopore.  Sabseqaently  the  blastopore 
entirely  closes.  The  two  primary  germ-layers  remain 
nnited  at  this  point,  bat  only  by  a  plug-  of  celts;  finally,  they 
sepai-ate  entirely  from  each 
other,  BO  that  the  embryo 
then  consists  of  two  sepa- 
rate celUresicles  lying  one 
within  the  other.  At  the 
same  time  the  embryo 
elongates  somewhat  and 
then  assaraes  a  shape  sacli 
as  is  represented  id  Fig. 
168 .i4.  Atabont  this  stage 
or  even  somewhat  earlier, 
the  embryo  breaks  Ihrongh 
the  egg-mcmbranc  and  be- 
comes a  free  larva,  which 
does  not,  bowevcr,  lead  a 
pelagic  existence,  but  lives 
on  the  bottom  and  is  foaiid 
in  places  where  the  water 
Hciinn  UiniBgh  i.  \u-n  of  BuinmjiM.-.  "  not  very  deep. 
Ki}>MintkiH%twsr  Bltuos).  c„  .nurior,  fhe  internal  stmctare  of 

Cii.  middle.  Cm.  poilerior,  RBloDiia  MCI  L        .,        >  ■  ,  > 

d, iiiMittne.  *''»   larva  is  soon  changed 

in  such  a  way  that  an  in- 
ternal segmentation  can  be  recognized.  The  elongated,  com- 
pletely closed  archenteron  bulges  out  at  its  anterior  end, 
and  forms  a  pair  of  diverticula,  which  are  directed  back- 
wards (Fig,  IG7  f,).  These  are  constricted  off  from  the 
archenteron  in  connection  with  each  other,  and  lie  in  front 
of  it  as  closed  vesicles.  In  the  same  way  two  pairs  of 
ccclomic  sacs  are  formed    further  back   as   evaginations  of 
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the  archenteroD  (Fig.  167  c„  and  c„i) ;  these  alao  become 
detached,  and  are  snbseqaently  found  nest  to  the  intestine 
as  flattened  sacs.  The  month  is  formed  at  a  somewhat  later 
stage  on  the  ventral  BDi-face  at  the  point  where  a  transverse 
farrow  has  made  its  appearance  on  the  outside  of  the  larva 
(Fig.  168  A).  The  anna  arises  at  the  posterior  end  of  the 
larva  near  the  place  vbere  the  blastopore  closed.  Both 
mouth  and  anus  are  formed  by  the  fusion  of  the  inner  with 
the  oater  germ-layer.  During  these  processes  the  external 
shape  of  the  larva  undergoes  important  changes.  At  first  a 
transverse  furrow,  which  gradually  deepens,  and  behind 
which  a  second  one 
soon  makes  its  appear- 
ance, arises  at  about 
the  middle  of  the  body 
(Fig.  168  A  and  B). 
While  the  first  farrow, 
even  as  early  as  this, 
marks  off  the  anterior 
portion  —  namely,  the 
acorn — from  the  rest  of 
the  body,  the  second 
furrow,  together  with 
the  first,  bonnds  the 
future  collar.  Behind 
this  the  gill  region  is 
now  also  indicated  by 
the  appearance  of  two 
pores  as  evidence  of 
the  firat  pair  of  gill- 
pouches  (Fig.  168  B 
and  0,  k).  The  part  of  the  larva  lying  behind  the  ciliated 
band  gradaalty  elongates  (Fig.  168  C).  Thus  the  principal 
parts  of  the  body  of  the  adult  animal  are  established  in  the 
larva  even  at  this  stage. 

Development  by  means  of  the  Tornaria  Larva.— 
Not  all  species  of  Balanogloitut,  however,  develop  from 
the  egg  into  the  form  of  the  adult  animal  in  so  simple  a 
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I  tlmt  described  above,  for  tsome  species  pu 
throngh  a  larval  stage,  tlie  Bhap;  of  whiirh  recalls  the  Iwn 
of  tbc  EchiDodermiita.  The  larva  called  Tomaria  w»«  d* 
scribed  by  JoH.  MClleb  as  an  Ecliiuoderm  larva, 
ebape,  which,  moreover,  eshibite  modi  Runt  ions  in  tlie  dtlferval 
species,  is  illastrated  hy  Fig.  169.  On  the  ventral  side  t 
the  bell-shaped  larva  lies  the  mouth -opening,  from  whickl 
the  ifiBophagus  ascends,  and  then  bends  biu!kw»nU,  to  I 
oome  oontinaone  with  the  capacious  storaaoh.     Upoo  tfaifl 


(■(wr  KoBiuTiMT,  (mm  H.ui 
Ilnw  inilleKU  Iba  cillaud  band 
([in-pockati  c,  tmljr  cSTilri  M, 
eolu  RMoIt. 

follows  the  hind-gut,  which  opens  to  the  exterior  thronfl 
the  anus  at  the  posterior  end  of  the  larva.  The  sorfao*  < 
the  larva  liecomes  cDgirdled  bj  ciliate<l  bands,  which,  bo* 
ever,  arc  distinguished  from  those  of  the  Echinodertn  l*!***  1 
by  their  different  parts  acquiring  a  greater  indepeadroM^ 
In  the  first  place,  we  distinguish  a  preoral  from  a  past-ow 
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ciliated  band,  both  of  which  are  provided  with  several 
flexures  (Fig.  169  A).  They  almost  come  in  contact  with 
each  other  at  the  anterior  end  of  the  lacva.  At  this  point 
«9  found  an  ectodermal  thickening,  comparable  to  the  apical 
plate  of  the  Annelid  larvae,  with  two  eje-spots  lying  over  it. 
From  this  region  a  contractile  band  extends  backwards. 
Mesenchymatous  cells  seem  to  arise  between  the  intestine 
and  the  body- wall.  The  posterior  part  of  the  larva  is  en- 
circled by  a  ring  of  cilia  which  is  independent  of  the  other 
ciliated  band  (Fig.  169  A),  and  in  later  stages  of  the  larva 
another  one  may  also  make  its  appearance  behind  this. 

[The  ciliated  band  of  the  anterior  part  of  the  body  may  undergo  more 
or  less  extensive  outfoldings,  by  which  the  external  form  of  the  larva  is 
considerably  modified.  These  outgrowths  are  sometimes  large,  such  as 
we  shall  find  in  the  larvsB  of  Echinoderms,  and  these  influence,  as  has 
been  said,  the  entire  form  of  the  body.  Ck>ntinual  outgrowths  of  the 
ciliated  band  of  limited  extent  result  in  the  formation  of  tentacle-like 
stmctures. — K.] 

The  condition  of  the  larva  described  is  only  gradually 
reached  during  its  free  pelagic  life.  At  first  the  transverse 
(posterior)  rings  of  cilia  are  lacking,  and  the  preoral  and 
post-oral  ciliated  bands  have  a  more  simple  course.  In  the 
further  development  of  the  Tornaria  its  anterior  end  elon- 
gates and  becomes  the  acorn  of  the  Balanoglossus,  Preoral 
and  post-oral  ciliated  bands  then  disappear,  and  instead  of 
these  the  entire  body  becomes  covered  with  cilia  (Fig. 
169  B),  The  eye-spots  are  still  retained  for  a  while  at  the 
tip  of  the  anterior  end.  The  middle  region  of  the  body  is 
encircled  by  the  transverse  ciliated  band,  and  it  can  thus  be 
seen  that  the  parts  lying  behind  it  have  also  elongated. 
Two  openings  make  their  appearance  externally  on  the 
dorsal  side  of  the  anterior  part  of  the  body,  the  external 
openings  of  the  gill-pockets.  With  this  nearly  the  same 
stage  is  reached  which  we  saw  arising  by  direct  means  from 
the  larva  described  by  Bateson.  The  simpler  mode  of  de- 
velopment is  doubtless  to  be  considered  as  the  derived,  and 
that  of  the  Tornaria  as  the  more  primitive,  since  the  absence 
of  mouth  and  anus  in  a  free-swimming  larva  does  not 
'represent  a  primitive  condition. 
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Further  Developmental  Processes  of  Both  Types. 

— Thus  far  we  have  chiefly  coDiiidered  the  estemftl  nbaps  of 
the  Tomaria.  As  regardx  the  internal  developinent,  we  find 
confirmed  the  processes  which,  following  Batebox,  we  Iwts 
already  described.  In  the  joDDf^est  stages  of  Tomaria  jet 
observed  (Fig.  170),  the  archenteroii,  which  in  this  e«M 
never  loses  its  connection  with  the  ectoderm,  develops  an 
unpaired  eva^nation.  This  is  said  to  be  the  fniklaineiit  of 
the  so-called  water- vaacnlar  vesicle,  which,  like  the  oottv- 
spondin;;  organ  oF  the  Echinoderm  larva,  opens  ont  bj  means 
of  a  pore  on  the  doreal  sorface  (Fig.  169  A).  This  in 
particular  has  given  rise  to  a  comparison  with  the  Echino- 
derm larvie.     Id  addition  to  this  diverticulnm,  two  pain  of 


e  vagi  nut  io 


i  farther  back  on  the  intestine  (Aoassis). 
They  are  the  coelomic  sacs,  which  aouo 
become,  detached  from  the  intetttne. 
and  lie  close  to  it  on  either  side  aa 
two  pairs  of  flattened  vesicles.  Tbey 
^fcfc?"^^  _V-*  soon  become  considerably  enlatyed, 
■  v?l  ^^9|  ^i<l  then  their  walls  are  applied  to  the 

I      I     ■       I  wall  of  the  body  and  that  of  the  in- 

^     \f       m  testine  as  the  somatic  and  splanchnic 

^^JJ^^^  layers.*     A    mesentery   is   developed 

dorsally  and  ventrally,  separating  the 
sacs  of  the  body  cavity  of  the  twi^— 
sides ;  bot,  according  to  SptsoEL,  tlir^ 
dorsal  mesentery  may  afterwards  de — 
...    «.n.,     »,  ».«.iH<      pJne^,^te.      The    hindermost   pair  oB- • 

ccclomic  sacs  supplies  the 
part  of  the  body  cavity, — namely,  that  of  the  entire  t 
— whereas  the  body  cavity  of  the  collar  arises  from  th*  m 
anterior  pair,  and  the  cavity  of  the  arom  is  developed  froc^ 
the  BO-called  water-vascular  vesicle  (Spexoel).  The  r^^ 
semblance  of  the  latter  to  the  paired  strQctnrts  points  l^^ 
tho  fact  that  they  originally  had  the  same  significance,  si^h 
the  appearance  of  two  acorn  p<ires  in  DaUinoglomn*  Kvpfr^^i 

'  As  is  to  he  seen  in  Fig.  172  (p.  887),  entirelj  limilu  conJiliu" ' ' 
appear  also  in  BilanogloiiuM  Koicaltitkii,  which  doM  not  dcnlop  ^ 
mesna  of  ■  Tomaria. 


Fin.  17n.-EarlT  umet 
a   Tornana    faft«T  Goin 

tiH  Enbrvoloiv),  «,  n 
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seems  to  indicate  the  paired  origin  of  even  this  anterior 
coelomic  sac.  The  acorn  pore  arises  from  the  dorsal  pore 
of  the  Tomaria,  In  the  Balanoglossua  which  does  not  pass 
through  the  Tomaria  stage,  the  anterior  coelomic  sac,  as 
Bateson  nnreservedlj  calls  it,  forms  a  pointed  process,  the 
end  of  which  fuses  with  the  ectoderm  and  breaks  through 
to  the  exterior. 

After  the  coelomic  sacs  have  separated  from  the  archen- 
teron,  the  remaining  entoderm  produces,  in  the  form  of  a 
forward  evagination,  the  intestinal  diyerticnlnm,  which  lies 
at  the  base  of  the  acorn  (comp.  Fig.  165  dt),  and  from 
this  the  formation  of  the  acorn  stalk  probably  takes  place. 
Even  earlier  than  this,  the  gill-pockets  develop  as  paired 
evaginations  from  a  portion  of  the  intestine  behind  the 
diverticulum.  They  are  directed  toward  the  dorsal  surface 
(Fig.  169  JB),  with  which  they  soon  unite,  since  they  open  to 
the  exterior  by  means  of  pores  which  are  at  first  rather  large 
(Fig.  168  G).  In  several  forms  at  first  only  one  pair  of  gill- 
pockets  is  to  be  observed  (Figs.  168  G  and  169  B)  ;  in  the 
Tornaria  studied  by  Agassiz,  on  the  contrary,  four  pairs  of 
them  make  their  appearance  simultaneously  (Fig.  171). 
The  form  of  the  gill-pockets,  which  is  at  first  so  simple, 
is  later  much  more  complicated,  for  their  walls  become 
folded,  and  the  skeletal  hoops  are  developed  between  them. 
The  formation  of  new  gill-pockets  continues  to  take  place 
even  when  the  Balanoghssue  has  long  since  assumed  its 
permanent  shape.  After  the  posterior  part  of  the  body  has 
considerably  increased  in  length,  the  paired  evaginations  of 
the  intestine  which  have  been  interpreted  as  hepatic  append- 
ages arise  behind  the  gill  region. 

In  the  Tomaria  there  is  found  next  to  the  so-called  water- vascular 
vesicle,  or  even  sunk  into  a  depression  in  it,  a  spherical  vesicle,  which 
ordinarily  is  called  the  heart  of  the  Tornaria  (Figs.  169  B  and  171 
kt  [not  A,  Fig.  165]).  It  does  not  merit  this  name,  for,  according  to 
Spinobl,  it  is  developed  into  the  organ  which  Bateson  and  KomiER  have 
called  the  saccular  posterior  portion  of  the  **  proboscis  gland "  (comp. 
Fig.  165).  In  Baltinoglositu  Kowalevskii  the  proboscis  gland  arises  by 
delamination  from  the  tissues  of  the  anterior  coelomic  sac  after  this  has 
already  spread  out  inside  the  acorn.    This  mode  of  origin  seems  to  us 

K.  H.  E.  CO 
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to  indicate  that  evea  the  M-called  benrl  of  the  Tanuiria  might  ariie  (tomI 
the  water-voacular  veEiclB  or.  what  in  the  >wiue  thing,  (mm  iho  k 
cielomic  sac,'     The  early  appearanoe  ol  the  organ  in  the   TarmnTiH  ia "] 
favorable  to  the  eiplanation  (eicretorj)  which  has  been  ^rui  Id  th« 
fully  developed  orKftn.     In  other  division!  ot  the  animal  kin^plom  kUo 
•we  see  the  excretury  gfBtem  eatabltBheil  at  a  very  early  period. 

Likewise  the  orfian  which  is  interpreted  as  the  real  heart  Ant  •|>psBj«, 
according  to  Bk-tkbos,  aa  a  fissure  in  the  niesodennal  lisaue.  Thia  finnm 
makes  its  appearance  between  the  fundanient  of  the  ■'  proboaois  ^aod  " 
and  the  intestinal  diverticulum,  and  ia  only  gradnally  ■unonjided  by  • 
flnii  wall.  It  has  not  been  determined  whether  or  not  it  ia  (rom  Uw 
bcHlnning  connected  with  the  blood-veBsels  ot  the  body.  Tha  hlood- 
vessels  probably  arise  from  tha  naaoianu  in 
the  same  way  as  the  supposed  etntnl  otjgta. 
[The  obBervations  ol  aathora  are  noi  ia 
ni^ieement  respecling  the  origin  of  ih*  OAlomic 
9ACB.(Dr8PKNOBL(No.  VI..  AppendiiloLitrrs- 
rtire  on  Gnleropneusta)  and  Bucnsa  (N«.  L, 
Appendii)  maintain  that  they  ariw  hom  tha 
hind-gut,  wbeTeas  Uotutv  (Xoa.  lU.,  IT.) 
refers  them  to  the  entoderm,  as  ««•  lonsarly 
done.  MoBOAN.  moreover,  aasamfs  a  di9c(«nt 
method  ot  origin  in  the  difltfwit  tfMiam  et 
Bnlanofltossus.  tor  in  one  oaaa  (Ibratfi*  tron 
the  Ilahsmas)  he  even  refer*  than  tOMallmd 
meaenchyma  oalls  ot  the  primary  body  atsit;. 
Also  the  origin  ot  the  ati-aallad  baan-eac 
is  not  yet  safSoiently  oImt.  Mooom  «««U 
refer  it  likewise  to  an  aoenmnlUion  ol  m^^a- 
cbyma  cells,  whereaa  SrsNon.  adlwna  to  hia 
former  account  ot  the  cotodeniwl  octgia  ot 
thia  organ.  UoTvover.  it  si  mm  to  b«  la- 
possible  toreeoncile  the  new  molla  witll  tfc* 


r  thisn 


a>i.innllH  tmhrjta-  reier  to  Uie  original  articleR.— K.^ 

MS  annii  br.  BiU-  The  earhest   fondamenU  of    Um  MaJtal 

li  U,  "twaTfi  H,  ... 

W    tbc  ao-called  ■»^<uu  oocur  aa  pyrilorm  saci.  and  mtm  lo^id 

'sscuUr  vedcle.  in  close  connection  with  the  eetodarm,  ft  (act 


■  SrmoEL,  however,  affirms  that  the  "  heart "  is  tortned  ■■  ■ 
ing  of  the  epidermis  next  the  aoom  pore ;  hot  parhapa  tlua  • 
can  be  harmonined  with  the  opinion  eipfeaaed  above  by  a—uii 
in  this  case  the  development  ot  tha  sO'Called  heart  tocA  plaea  li 
is  to  say,  when  the  lining  ol  the  internal  cavity  ot  tha  ft 
ot  tha  water*  vase  alar  vesicle  had  alreftdy  baen  m 
however,  is  only  conjecture. 
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which  caused  Batkbon  to  believe  them  derfved  from  it,  and  not  (roiu  the 
meBOderm.  aa  would  seem  more  aatural,  eapeciall;  since  at  this  time 
the  mesodermal  tissue  is  already  found  cloaely  applied  to  the  ectoderm. 
However.  Batbbon  states  that  the  origin  of  the  genital  orijans  is  as  yet 
not  certainly  determined. 

I.  foimd  the  union  of  the  nascent  gonads  with  the  ectoderm  less 
intimate,  and  was  inclined  to  refer  their  produetiou  to  the  roesenchjma 
of  the  bodj  cavity.  The  connection  with  the  ectoderm  is  only  secondar;r- 
According  lo  Uohoan,  they  ariite  as  proliferations  of  the  wall  ol  the 
Cffilomio  Mca  of  the  trunk,  which  at  first  have  no  connection  with  the 
eeloderm. — K.] 

The  central  part  of  the  nervons  ajBtem  e 
to  BatrsON,  as  followa  r — A  part  of  the  cells  of  the  deepest 
lajer  of  the  ectoderm  in  the  tnediati  line  of  the  collar  iu 


diEFerentiated  in  a  pecaliar  way,  and  is  finally  detached  from 
t  ectoderm  alonf^  the  entire  length  of  the  collar  {Fig. 
172  n).  ThiH  process,  morenver,  is  said  to  he  accompanied 
by  a  snperlicial  depression  of  the  ectoderm,  which  is  notice- 
able as  a  dorsal,  longitudinal  ciliated  ^^roove  on  the  recently 
;loped  collar  of  the  yonng  larva  (Fig-  172,  after  Bateson). 
Spenoel  also  speaks  of  the  development  of  the 
system  as  the  result  of  a  doi-sal  invagination  in  th 
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line  of  tho  collar.  The  cavities,  however,  which  occar  in 
the  central  nervous  system  of  the  adalt  animal,  are  not  to 
be  referred  to  a  formation  comparable  with  the  nenral  tube 
of  the  Vertebrata,  bnt  arise  in  the  cell-layer  which  was  split 
off  from  the  ectoderm,  in  all  probability  by  the  appearance 
of  fissares.  However,  at  the  end  of  the  central  cord,  where 
it  merges  into  the  indifferent  cells  of  the  ectoderm  and 
where  the  latter  is  considerably  thinner,  a  kind  of  foldinyr 
process  seems  to  take  place ;  at  this  point  also  the  Inmen  of 
the  central  cord  is  said  to  commanicate  with  the  outside 
world  (neuropore?).  There  seems  to  be  no  relation  between 
the  dorsal  groove  and  the  blastopore ;  for  the  g^roove  doe* 
not  extend  so  far  back.  A  direct  connection  with  the 
conditions  occnrring  in  the  Chordoma  is  therefore  not  in- 
dicated by  this  (comp.  infra). ^  Like  the  chief,  central  parts 
of  the  nervoas  system,  its  peripheral  portions  are  also 
differentiated  from  the  lower  cell-layers  of  the  ectoderm, 
which,  according  to  Bateson,  everywhere  exhibits  large 
nccnmulations  of  sensory  cells. 

General  Considerations. — The  external  resemblance 
of  the  Tornaria  to  the  Echinoderm  larvae  and  the  oc- 
currence of  the  water- vase  alar  vesicle,  opening  out  by 
means  of  a  dorsal  pore,  have  caused  Balanoglossus  to  be 
brought  into  relation  with  tho  Echinodermata.  Corre- 
spondingly, the  acorn,  the  lining  of  which  is  supplied  bv 
the  so-called  water- vascular  vesicle,  has  been  explained  as 
the  last  remnant  of  the  water- vascular  system,  as  the  single 
remaining  ambulacral  tentacle.  The  nature  of  the  skin, 
provided  with  calcareous  structures,  is,  in  addition  to  the 
water- vascular  system,  characteristic  of  the  Echinodermata. 
The  entire  absence  of  calcareous  bodies  in  Balanoglossus  ^ 
and  the  different  condition  of  the  skin,  together  with  ^ 
the  other  peculiarities  in  the  entire  structure  of  the  body,    «r 

*  'According  to  Spenoel'b  description,  it  mu«t  be  assumed  that  the  ^^* 
account  given  by  the  preWous  observers  does  not  at  all  relate  to  the  iSnt-^-* 
fund'iment  of  the  nervous  system,  and  that  in  its  formation,  which  lilii^  ■" 
place  at  an  early  period,  there  is  no  invagination.  Differentiatioiu  o^^^ 
the  ectoderm  without  any  invagination  give  rise  to  the  nervous  txtitm  — 
which  only  subsequently  sinks  in  deeper.— K.J 
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do  not  allow  us  to  pat  any  great  weight  on  such  an  in- 
terpretation of  the  acorn.  A  comparison  of  the  Tomaria 
with  the  Echinoderm  larva  is  difficult  to  carry  out,  for  the 
ciliated  bands  so  characteristic  of  the  latter  present  here 
quite  a  different  distribution.  Moi^eover,  the  Tomaria  ap- 
pears to  possess  a  kind  of  apical  plate,  which  is  absent  in 
the  Echinoderm  larvae.  The  latter  likewise  exhibit  no 
eye-spots.  The  resemblance  between  the  Tornaria  and  the 
Echinoderm  larvae  is  therefore  of  a  rather  superficial  nature. 
The  possession  of  an  apical  plate  and  the  cords  radiating 
from  it  point  rather  to  relationships  of  the  Tor7iarta  with 
the  Trochophore, 

The  occurrence  in  Balanoglossus  of  paired  coelomic  sacs, 
lying  one  behind  the  other,  indicates  a  segmentation.  In 
this,  it  is  true,  a  resemblance  to  the  Echinodermata  would 
exist,  if  the  statement  should  be  confirmed  that  in  the 
latter  also  several  pairs  of  coelomic  sacs  are  developed 
(comp.  p.  414).  This  internal  segmentation  of  the  larva 
subsequently  disappears,  and  the  segmentation  which  can 
be  recognized  on  the  adult  Balanoglossus  has  nothing  to 
do  with  it. 

In  searching  through  the  animal  kingdom  after  relationships  for 
Balanoglossus,  characterized  as  it  pre-eminently  is  by  the  possession 
of  gills,  a  comparison  with  the  Chordata  has  been  reached ;  but  there  is 
as  y^t  no  adequate  basis  for  this  comparison.  It  is  Amphioxm  which 
has  been  especially  in  mind,  and  the  comparison  has  been  based  chiefly 
on  the  gills,  on  the  intestinal  diverticulum,  called  by  authors  the 
chorda,  and  its  skeletal  body,  and  on  the  formation  of  the  nervous 
system.  A  striking  resemblance  is  noticeable  between  the  anterior 
ccelomic  sacs  of  BalanogloBsus  and  the  most  anterior  archenteric  diver- 
ticula of  Amphioxut,  which  also  make  their  appearance  very  early,  and 
one  of  which  greatly  enlarges  and  opens  to  the  exterior  by  means  of 
a  ciliated  canal,  like  the  so-called  water- vascular  vesicle  or  the  anterior 
coelomic  sac  in  Balanoglottut. 

[To  what  precedes  we  append  the  following :  The  supposed  relations 
between  EnUropneiuta  and  Chordata  have  become,  according  to  recent 
observations  at  least,  very  doubtful.  The  diverticulum  of  the  intestine 
in  the  acorn,  or  rather  the  acorn  skeleton,  is,  as  it  appears,  comparable 
with  the  chorda  neither  in  regard  to  its  origin  nor  structure.  The  needed 
agreement  in  the  formation  of  the  nervous  system  seems,  in  fact,  to  be 
wanting.    The  gills  of  Balanoglossus,  it  is  true,  are  strikingly  similar 
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in  structure  to  those  of  Amphioxus ;  bat  a  detailed  oomparison  reremls 
in  them  organs  of  different  phylogenetic  origin  (Spkngbl).  TIm  ecelom 
of  the  Enteropneasta  exhibits  other  conditions  than  in  the  Chordata. 
The  probability  of  the  relationship  of  BalaHogUmtut  to  the  EckHmoderwu^ 
on  the  contrary,  has,  it  may  be  said,  been  increased  by  recent  inTcatiga- 
tions.  A  comparison  of  Tomaria  with  the  larrs  of  Eohinoderma,  so  U^ 
as  regards  the  external  form,  and  particularly  the  stroetore,  ia  perfaa|M 
still  possible.  The  apical  plate  present  in  Tomaria  is,  aoeording  to 
recent  observations,  also  found  in  the  larrs  of  Echinoderms — r.f.,  in 
Antedon — although  in  a  greatly  reduced  condition.  The  coslom  lesms  to 
be  segmented  in  the  Echinoderms  as  well  as  in  the  Enteropnensta— a 
fact  which  is  certainly  of  importance.  However,  it  is  predaely  the 
interpretation  of  the  coelom  in  Balanogloesns  which  is  not  yel  adaqoate, 
since  the  different  portions  of  the  intestine,  from  iHiieh  it  takaa  ita 
origin,  are  not  fully  understood.  Unfortunately  it  moat  be  admitted 
that  even  yet  the  relationships  of  Balanoglossus  are  shrouded  in  dark- 
ness.— K.] 
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CHAPTER  XIV. 

ECHINODERMATA.« 

Development  in  the  five  divisioDs  of  the  Echinodermata 
o£Pers  so  much  in  common  that  we  shall  treat  of  these 
together  as  far  as  possible.  In  the  development  of  the 
Echinodermata  we  distingnish  the  following  four  periods : — 

1.  The  formation  of  the  primary  germ-layert  and  the 
mesenchymal  together  toith  the  establishment  of  mouth  and 
anus, 

2.  The  origin  of  the  enteroccele  and  hydrocosle, 

3.  The  formation  of  the  typical  larval  form. 

4.  The  metam/yrphosis  of  the  larva  into  the  Echinoderm, 

I.  THE  FORMATION  OF  THE  PRIMARY  QERMLAYERS 
AND  THE  MESENCHYMA,  TOGETHER  WITH  THE 
ESTABLISHMENT   OF    MOUTH   AND  ANUS. 

As  far  as  is  known,  the  cleavage  of  the  Echinoderm  eg(^ 
is  always  total.  In  the  Holothnrioidea  (Sjnapta),  more- 
over, it  is  strictly  equal ;  whereas  in  the  star-fishes  and 
sea-urchins  it  takes  place  less  regularly.  Within  the  mass 
of  cells  which  has  arisen  by  cleavage  there  is  found  even 
during  this  period  a  cavity  which,  in  ,the  farther  course  of 
cleavage,  continues  to  enlarge,  and  becomes  an  extensive 
blastoccele.  The  result  of  cleavage  is  always  a  ctelo- 
hlastula.  The  next  stage  of  development,  too,  exhibits 
an  essential  agreement  in  the  different  groups  of  Echino- 
derms,  for  in  all  of  them  it  consists  of  an  invagitiatum 
gastrula.  In  the  details,  however,  certain  deviations  from 
the  common  plan  of  development  occur  in  the  different 
forms. 

*  The  maturation  and  fertilization  of  the  Echinoderm   egg  wiU  be 
discussed  in  the  general  part. 

30S 


Holothurioidea. — The  earliest  stages  of  derelopment 
are  the  eimpleet  in  the  Holotbarioidea.  We  follow  Selenka's 
account  (No.  54)  of  the  deTelopment  of  Synapta  digitata. 

Cleavage  is  entireljr  regular.  By  meana  of  the  first 
division  the  egg  is  halved.  Since  the  newly  formed  blas- 
tomeres  always  divide  into  equal  parts,  this  process  being 
repeated  nine  times  consecntively,  there  finally  arises  a 
stage  the  prismatic  cells  of  which  are  approximately  eqeal 
in  size,  and  arranged  in  the  form  of  a  hollow  sphere.  They 
have  already  acquired  cilia,  althoogh  the  blastula  is  still 
enclosed  by  the  vitelline  membrane.  (A.  similar  stage  in 
Holothuria  is   shown  in  Fig.  180  A.)     At  this    stage   the 


farther  division  of  the  blaatameres  is  suspended  for  a  con- 
siderable time,  only  snbseqnently  to  proceed  slowly  at  the 
vegetative  pole,  and  at  first  at  this  pole  alone.  Gastralation 
is  initiated  by  means  of  this  cell -proliferation  realized  at 
the  vegetative  pole  (Fig.  173).  The  resnlt  is  a  regalar 
gastrnla  with  a  small  archenteron  (Fig.  174).  In  this 
stage  the  embryo  becoraes  a  free-awarraing  larva,  which 
moves  abont  by  the  aid  of  its  long  cilia.  The  gastrnla  very 
soon  andergoes  a  change,  for  the  archenteron  bends  townrds 
the   wall  of  the  gastrnla,  and   unites   with   the  ectoderm 
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(Fig.  17b).  This  regioa  con-cBponds  to  the  doraal  aarfkoe 
of  the  larva.  After  the  foaion  of  ectoderm  uid  entoderm, 
the  lumen  of  the  archenteron  commanicatei  with  the 
oater  world,  thne  establiBhing  the  so-called  dorsal  pore 
(Fig.  176).  Johannes  UOlleb,  who,  even  in  his  time,  was 
acquainted  with  this  process,  considered  the  dors*!  pore  to 
be  the  month  of  the  larva ;  but  that  is  not  its  fate,  tor  the 
archenteron  soon  separates  into  two  portions,  of  which  the 
one  connected  with  the  dorsal  pore  constitotes  the  fand»- 


ment  of  the  water- vutcnlar  sjstem  and  bod;  cavity,  while 
the  other  becomes  the  intestine.  With  the  mnlti plication 
of  its  cells  the  latter  acquires  a  knee-like  bend  (Fig.  177), 
and,  while  increasing  in  length,  tnms  toward  the  ventral 
side.  Even  before  it  reaches  this,  the  commnnication  be- 
tween the  npper  and  lower  portions  of  the  archenteron  i* 
interrnpted  (Figs.  177  and  178).     Of  these  two  portion* 
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ODty  tile  lower  intere.sta  na  for  ttie  praseat.  Its  blind  end 
enlurg-ea  a  little,  and  comes  into  contact  with  the  ventral 
wall  of  the  larva  (Fig.  178).  The  correBponding  part 
of  the  wall  sinks  in,  forming  a  cup-like  depression  (Fig. 
179),  the  intestine  fnses  with  it,  and  an  opening  leading 
into  the  intestine  now  breaks  through  at  this  point:  the 
month-npeiiingof  the  larva.  The  mouth -opening  is  there- 
fore a  new  formation.  The  intestine  opens  to  the  ontside 
at  the    posterior  end  by   means    of    the    blastopore ;    the 


lath  couseqaentlj  has  become  the  anas  of  the 


gastrula  i 

With  these  changes  the  larva  has  also  undergone  a  certain 
ilifTerentiation  in  extei-nal  shape.  Its  bilateral  symmetrf  is 
already  expressed.  The  moath  and  anus  mark  definite 
regions  of  the  body.  The  former  lies  on  the  ventrul  snrtace, 
the  latter  at  the  posterior  end  of  the  larva.  Moreover,  as  wo 
will  mention  in  anticipation  of  the  sequel,  the  venti-a!  surface 
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is  ordinarily  flattened  somewhat,  whereas  the  dor«aI  side  is 

Before  co  nolo  ding  the  consideration  of  the  first  develop- 
mental proceases  of  Synajila,  we  mast  refer  to  a  pmceta 
which  takes  place  befoi«  the  change  in  position  of  the  arcb- 
enteron  already  described  ;  this  is  the  formation  of  the  mwcti- 
eh'jma.  At  the  time  when  the  blind  end  of  the  archentcron 
begins  to  bend  toward  the  dorsal  surface,  there  appear  at  iu 
apex  two  cells  which  pi-ojeot  oBt  beyond  the  other  cella  {fig- 
176),  and  are  called  by  Ski.gnka  the  two  primitive  cella  of  the 


mescnchyma.  These  cella  then  separate  from  their  connec- 
tion with  the  archenteron,  migrate  into  the  blaatoca-le,  and 
apply  themselves  to  the  ectoderm,  bnt  not  at  predet«miiDnl 
points.  Snbseqaently  a  large  number  of  snch  meeenohyma- 
tODS  or  migratory  cells  are  found  in  the  blaetocivio  (Figs- 
176  to  179).  According  to  SKLEsxi'«doMrription,tbej  arise  by 
the  division  of  the  two  primitive  mesenohynia  cells;  bat 
the  process  of  mesenchyma  formation  in  other  Holotbanotdea 
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BDOWB  tliftt  it  ia  not  two  primitive  meBenabyma  cells  tliat 
frive  rise  to  the  entire  mesench^ma,  but  thnt  a  large  num- 
ber of  cells  separate  fi-ora  their  coimection  with  the  others 
aad  migrate  into  the  blastocoele,  where  they  gabsetiuently 
increase  ia  nnmbera  (Fig.  180  B).  In  CMumaria  doHolum 
and  Eohthuria  tubulo-a  the  formation  of  the  mesenchyma 
precedes  gaslmlatioii,  or  tnlces  place  at  the  same  time  with  it 
(Fig,  ISO  13).  The  previously^  somewhat  thickened  place  of 
the  blastula  indicates  the  region  from  which  tlie  migratory 
oetla  detach  themselves.  From  four  to  ten  cells  enter  the 
blastoccele,  where  they  remain  until  they  are  forced  farther 


inwards  by  the  first  steps  of  invagination.  The  process  is, 
on  the  whole,  the  same  as  in  Synapla.  The  formation  of  the 
mesenchyraa  takea  place  on  the  same  part  of  the  larva,  only 
it  occurs  a  little  earlier.  Wo  shall  see  that  in  the  sea- 
nrchins  the  mesenchyma  takes  its  origin  still  earlier,  even  in 
the  blastula  stage. 

Tha  migrator;  oells,  according  to  the  observslions  of  Home  aalhors. 
mo*e  about  in  the  bloBtoctfle  with  great  facility,  so  that  it  fipi)eara  as  it 
the  ipace  belWHen  ectoderm  and  entoderm  wera  Riled  with  fluid.    This 


conriat«Dcy  to  th«  oon- 
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view  is  advocated,  tor  example,  by  Lddwio  (No.  SB),  wl 
tig&tora  (Henben.  Bblehki)  asoribe  a  gelatini 
tents  ot  the  cleavage  oavit;. 

Echinoidea. — According  to  the  recent  inTestigations  ot 
Selenea  on  Strongylocentrolu*  lividut,  Sphtereckintt  granu- 
larit,  and  Ecktniu  microtuberculattu,  and  of  FleisCHMAMN  on 
Echituieardium  eordatum,  cleavage  does  not  take  place  no 
regularly  in  tlie  Bea-nrchinaaain  the  Holothnrians.  Daring 
the  first  four  cleavage  phases  only  do  the  fnrrows  extend  to 
all  the  blastomeres  ;  tbeo  for  a  time  some  of  the  elements  ot 
the  circles  of  cells  now  preRent  tftlce  no  part  in  the  farther 
cleavage,  so  that  they  soon  greatlj  snrpaas  in  aise  the  blttsto- 
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meres  at  the  opposite  pole  of  the  egg.  Since,  however,  the 
difference  in  the  size  of  the  blastomeres  dissppean  as  desv- 
age  progrcHses,  a  regalar  bUutula,  consisting  of  a  layer  of 
rather  tall  cells  of  nearly  eqnal  site,  resolts  from  cleavage 
even  in  the  Echinoidea  (Fig.  181). 

In  the  Echinoidea  the  formation  of  the  mesenchjina  regu- 
larly precedes  gastrulation.  At  the  end  of  cleavage  there 
occur  in  the  lUulula  a  flattening  of  the  cells  at  the  animal 
pole  and,  on  the  other  hand,  a  thickening  of  those  at  the 


T^etative  pole  (Fig.  181).  The  cleiwage  cavity  ih  dirainished 
in  Bine  as  a  result  of  tlie  considetuble  etongation  of  the  ce1la 
at  the  vegetative  pole,  and  the  embryo  becomes  slightly  oval 
in  shape.  A  long  flagetlnm  makes  its  appearance  on  each  of 
the  cells  of  the  blastoderm  ;  the  embryo  begins  to  rotate  within 
the  vitelline  membrane,  and  finally  breaks  throngh  the  latter 
to  Bwarm  oat  as  a  larra.  At  the  same  time  a  more  active 
multiplication  of  the  cells  begins  at  the  thickened  part  of 
the  blastula,  as  the  resnlt  of  which  some  of  them  soon  be- 
come forced  into  the  cleavage  cavity  (Fig.  182),  where,  like 
Amcebe,  they  creep  about  as  migratory  cella,  These  are 
followed  by  others  ;  after  mnltiplying  rapidly  in  the  blasto- 
Cfele,  they  almost  fill  it. 


I 

L 


We  hkvs  described  tbe  farmation  of  the  mesenchyinB  as  Jl  appeareil  to 
ui  from  personal  observations  (No.  26).  However,  olher  stal«menu  have 
been  made  on  this  point.  Acoording  to  the  observations  ot  iJELBNEA  and 
HiTSCHKi  (No.  6i],  there  arises  some  time  after  the  awarmiriR  out  of  the 
larva  a  funnel-tike  depreasion  (Fi^a.  183  and  181)  at  tbe  vegetative  pole, 
which  owes  its  prodoction  to  Uie  Bhortening  and  thiokeninK  of  two  cella 
Ijiing  Bl  that  pole  of  the  blastula.  These  two  cells  w^re  looked  upon  by 
tbe  observers  last  named  ae  the  primiUt't  cell*  of  the  mtifncliyma  ;  to  this 
interpretation  Fleihchxann  also  adheres.  According  to  him,  there  are 
present  al  the  vegetative  pole  four  such  primitive  mesencbyma  cells, 
which  have  beeu  differentiated  there  during  oteavage.  The  primitive 
mesenchj-ma  cells  are  said  to  correspond  to  the  primitive  cells  uf  the 
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mesoderm,  which  oonatitiile  in  the  Annalidft.  u  well  m 

fonns,  the  flt&rting- point  for  the  [onnatioD  of  tha  mnoderm  (eomp.  f^. 

'JG4  and  283). 

Two  groups  of  oelU  vise  bj  the  mnltipliottion  of  the  primitive  m 
chyma  cells,  either  b;  their  being  forced  into  the  blaatula  b;  UupraBiuv  J 
of  the  Bumranding  cella  (Fig-  IHS,  after  Skleicka),  or  by  a 
coDstricleil  off  from  them  (Fi.>i»cBiijL!ni|.  Out  of  Uine  group*  thai*  an 
said  finally  to  arise  two  bilaterally  symmetrioal  oell-band*.  «hiati  oom- 
spond  to  the  raesodermat  bands  of  the  Annelida.  At  a  nwolt  of  lb«M 
processes,  the  larva  would  show  at  a  very  early  stage  bilaleni  ayiimatfT. 
which  beconies  iotensified  by  the  Qatteuiog  which  takes  place  tram  tbe 
dom&l  to  the  ventral  side. 

This  conoeplion  of  the  origin  of  (he  meeenohyma  from  tha  I*o 
primitive  raesenchytna  cells  was  generalised  by  Bmliku,  tor  he  slao 
found  the  two  piimib'ice  oells 
in  other  Eohinodenna  <lfeli>- 
thuriaiJea  and  Ophinratdrt^. 
TliuR  in  Synapta  than  an  lb* 

Aj*/  \  *\        of  the  archeotmm  (Pig.   lISl. 

and  also  in  OpHiogljfpkm  two 
cells  which  detach  tbeimaalv 
from  tlie  celtt  ot  th«  bIwalitU 
This  kind  ot  EDeMnebyma  de- 
velopment is  not  by  any  maaiti 
so  typical  a*  it  ia  aaid  by 
Srlkm.1  and  HAtsoaa  to  ia 
in  Ihe  Eohinoldaa,  and  nealla 
uuoh  mora  the  toniutioa  at 
pleasars  of  meaciubyma  «■!!« 
which,  like  the  anooewding  oBaa. 
separate  from  the  e«U<«>U  vt  'Z 
Ihe  hlastula  or  gaalrala.  ■ 
known  US  lake  plaoe  la 
Atieroidta  and  Crinoidea  (conip.  pp.  102  and  ■108).  UiitBCMituurt  fa 
accordingly  opposed  the  theory  ot  mesencbynia  lormatiiHi  sponMd  b; 
Sei.knka  and  HATSciuia,  and,  on  the  whole,  we  agree  ( 
cluoions. 

The  appearances  which  led  RAncuEa  and  Belkkei  to  bBlieveiBtl 
eiiBlence  ot  |>ninitive  mesenchyma  cells  are  to  be  explained  by  tl>*  b 
Ibat  tlie  cells  of  the  blaatnia  at  tbe  time  o(  dividing  ai«  i 
become  stouter.    Thus  il  happens  that  directly  after  the  dlviaion  ol  « 
a  shortened  cell  two  small  cella.  sunoonded  by  tall,  priaitiatle  ealla. « 
to  lie  side  by  side,  and  thus  such  stages  arise  as  those  of  H^twau*  • 
Sblikiu  (Figs.  163  and   I81|.     Such  shortened  oella  occnr  b  varia   mu 
parts  ot  the  circumference  of  the  blaitula,  when  tba  davelopnMDt  «<  fcJW 
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meunahyttta  at  the  thickened  pole  ii  tlnaij  under  wiy  (Fig.  183).  It 
BSD  be  obterred  in  the  liTing  blutnla  that  the  ghortened  oelU  elongmla, 
and  toon  attain  the  length  of  the  aurroonding  cells.  The  meEenahjiaa, 
then,  does  not  take  its  origin  from  primitive  tnesenah;ma  cells,  bat  bj 
the  proliferation  of  a  large  nncaber  of  cells.  Moreover,  the  migrator; 
sells  which  have  entered  the  blaitoctxle  do  not  form  meMnabjma  bands, 
bat  are  irregularly  scattered. 

Oastrnlatlon  in  the  Echinoidea  takes  place  after  the 
detachment  of  the  mesenchyma  cell§,  in  the  ordinary  manner 
(Seliniu,  No.  53).  The  archenteran  grows  ont  in  half  a  day 
to  a  comparatirely  long  sac-like  tube.  Between  it  and  the 
ectoderm  there  are  freqaently  Btretched  some  of  the  raesen- 


chjma  cells,  which  probably  serve  as  snspensorti  for  tho 
aichenteron  (Fig.  186).  The  larval  month  in  the  I->chinoi<loH 
is  formed  in  a  direct  manner,  for  the  end  of  thii  arch  en  to  nm 
(after  the  abstriction  of  the  entero-hydrocoek')  benils  toward 
the  ventral  snrface  and  fnses  with  the  ectoderm,  whereupon 
the  month-opening  breaks  throngh.  The  gantrnla  mouth 
here  too  becomes  the  anns. 

Asteroidea. — Cleavage,  althongh  nnequal,  difTers  only  a 
little  from  the  eqnal  type.    The  difference  in  the  siio  of  the 

K.  H.  t.  li  i> 
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blaatomereB  becomes  imperceptible  oven  in  the  sixteen-ce1l 
stage,  and  from  that  onwards,  LODWru,  in  his  description  o 
the  development  of  A$ieriaia  gibbosa,  lays  particular  strcRS  on 
the  fact  that  from  the  very  beginning  a  cavity  exists  between 
the  cleavage  Rpheres,  and  consequently  the  blastosphere  la 
formed  at  a  very  early  period.  The  resnit  of  cleavage  in 
the  star-Gshes  is  also  a  hlastula,  which  is  formed  of  a  layer 
of  equal-sized  cells.  The  gastrula  arises  fi-om  tii'm  by  invtiffi- 
nation. 

The  formation  of  the  niesenchyraa  takes  place,  according    . 
to  the  observations  of  Metschhikoff  on  Atlropeelen, 


gastralation  is  completed.  Theorigioally  cylindrical  cells  lA 
the  archenteron  at  its  blind  end  become  flattened  oat  (Fig. 
IS?);  then  they  begin  to  put  forth  short  pseudopodial  pro- 
cesses, and  finally  some  of  them  detauh  themaelvea  from  the 
rest.  Others,  usually  fonr  or  five  at  a  time,  soon  follow 
these  (Fig,  188).  It  is  sa.id  that  the  migration  of  entoderm 
cells  may  be  so  active  that  a  more  or  less  considerable  open- 
ing arises  at  the  upper  end.  of  the  archenteron. 

It  is  seen  that  the  conditions  described  b;  HsrecBtmorr  reaambb 
IhoBe  ol  which  we   have  learned  through  Selenki  u  etiiting  in 
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Holothorians.  There  also  the  mesenchyma  cells  separate  from  the  apex 
of  the  archenteron.  To  be  sure,  accordmg  to  Sklenxa,  only  two  cells — 
namely,  the  primitive  mesenchyma  cells — arise  in  this  way.  Mbtschni- 
KOFF  declares  that  his  search  for  such  a  stage  with  Iwo  cells  has  always 
been  in  vain.  His  observations  allow  him  to  reject  even  in  the  case  of  the 
Holothurians  the  idea  of  the  origin  of  the  mesenchyma  from  two  primi- 
tive cells,  and  to  assume  instead  a  continuous  emigration  of  cells  from  the 
entoderm,  especially  since  certain  observations  of  Sblenka  seem  to  him 
to  corroborate  his  own  view.  For  Sblenka  found  larvaB  in  which  the  free 
end  of  the  archenteron  was  irregularly  outlined  or  covered  with  stellate 
cells.  Selenka  explains  this  phenomenon  as  being  pathological,  whereas 
Mbtschnikoff  considers  it  warrantable  to  look  upon  such  larvie  as  indi- 
viduals in  which  an  emigration  of  numerous  entoderm  cells  is  now  taking 
place. 

The  mouth-opening  and  the  stomodaeam  in  Asteriita  arise 
in  the  form  of  a  hollow  plug,  which  is  invaginated  at  the 
front  end  of  the  ventral  side  of  the  embryo,  and  fnses  with 
the  entoderm  at  that  point  (Ludwig).  At  this  stage  of 
development  the  embryo  abandons  the  egg-membrane,  and, 
as  an  approximately  pyriforni  larva,  swims  about  free  in  the 
water  by  means  of  cilia,  which  cover  its  entire  external 
surface. 

Ophiuroidea. — Cleavage  appears  to  take  place  in  the 
same  way  as  in  the  Asteroidea  (Ludwig,  Selenka).  The 
blastnla,  which  also  exists  here,  exhibits  a  thickening  at  its 
vegetative  pole.  The  mesenchyma  is  formed  within  it  in 
the  same  way  as  in  the  Echinoidea ;  according  to  Selenka, 
it  originates  from  the  two  primitive  cells,  but  according  to 
Metschnikoff  from  a  continaoas  emigration  of  cells  from 
the  thickened  wall. 

Not  much  weight  should  be  given  to  the  view,  advocated  by  Fbwkes, 
that  there  is  a  bilaterally  symmetrical  arrangement  of  the  mesenchyma 
in  Ophiopholis,  especially  since  the  author  himself  did  not  find  the 
mesenchyma  bands  in  the  sea-urchin  {Echinaraehintu  parma)  studied  by 
him  (No.  13). 

Crinoidea. — Nothing  is  known  of  the  earliest  develop- 
mental processes  of  the  Crinoidea,  except  the  statements 
oonceming  Antedon,  In  this  form,  too,  a  blastnla  is  deve- 
loped after  equal  cleavage,  and  the  gastmla  is  formed  by 
invagination.     The   formation    of    the   mesenchyma    takes 
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plxce  fraiu  tbe  archentoron,  bat  011I7  after  (futralation 
(Barrois,  ffo.  6 ;  Bury,  No.  7),  as  in  Sjnapta  and  the  A8t»- 
roidea.  The  cells  of  the  archenteron,  especially  those  lying 
at  its  apex,  lose  their  regnlar  arrangement,  apparently  as  the 
i-esalt  of  a  rapid  cell -proliferation  occnrring  at  this  point,  so 
that  the  archenteron  no  longer  presents  strictly  a  single 
layer  of  cells,  bnt  Is  composed  of  cells  irregularly  grouped. 
A  large  number  of  these  cells  migrate  into  the  clcAvage 
cavity,  and  form  the  meaenchjma  (Fig.  189). 

The  various  kind»  of  mesenclijnia  lamution  are  not  oo  diSereDl  from 
one  another  as  they  at  first  sight  appear  to  be.  It  is  alwBTi  sobMaDttallj 
the  ssDie  region  of  the  blaslula  from  vbich  the  meteuebfma  takes  its 
origin,  the  onlj  difference  being  that  in  the  one  ease  thii  haa  alreadj 
while  io  the  other  tbe  inTBffination  does  Dot 
later.  It  seems  as  if  those  methods  of  meaenchyma 
formation  were  the  more  primitive  in 
which  the  cells  take  their  origin  from  tb« 
archenteron.  Later  the  oslomic  sacs  art 
also  dnveloped  from  the  arehenteroo,  and 
thus  the  development  of  the  niewnchrma 
and  the  mesoderro  could  be  correlated. 
There  are  found  vaiioua  traositional  Btagei 
of  this  anticipatorj  miBpUcemeat.  ij.. 
between  the  origin  of  the  meacDchjma 
from  the  arelifnteroa  and  its  development 
Fin.lSP.-Do-cUipmcntoftho  Iroin  the  thickeoed  pole  of  the  hlailuta. 
mwenchym*  ia  ihe  gutruls  or  ^g^  [^j  example,  in  the  Holotlniriaiii.  In 
Aattdmi   rojacia  (Kfter  Buir).      Syniipia  the  mesenchyma  arises  from  the 

'  '  archenteron,   whereas    in   Hohilhuri*   iB— 

begins  St  the  same  time  as  gastrulation. 

The  mctaraorphoseB  which  the  archenteron  of  Antedot«~ 
nndergoes  are  difierent  from  those  in  other  Echinodcmiai^^ 
in  Ro  far  as  the  blastopore  does  not  become  the  anas  bar  -' 
closes,  after  which  the  archenteron  is  constricted  off  frun^r: 
the  ectoderm  and  lies  as  a  spacioos  sac  in  tbe  interior  of  th*  .m 
embryo.  Mouth  and  anas  aiiae  as  new  formations,  hot  no*_; 
until  much  later.  There  is  certainly  a  connection  betwee-  ^ 
these  complicated  formative  processes  and  the  fact  that  th  .^ 
larva  of  Antedon  abandons  the  egg-membratie  much  lat^^a 
(the  seventh  day  of  development)  than  other  Ecbinode«^^ 
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The  statements  of  authors  differ  regarding  the  position  of  the  blasto- 
pore ;  according  to  Barrois,  it  is  found  at  one  pole  of  the  larva,  whereas 
BuBT  and  Oobtte  locate  it  more  toward  the  future  ventral  side  (Fig.  189). 

II.    THE    ORIGIN    OF   THE    ENTEROCC£LE    AND 

HYDROCC£LE. 

In  the  first  part  of  this  chapter  we  traced  the  develop- 
ment of  the  Echinoderm  larva  to  the  point  at  which  the 
mesenchjma  was  formed  and  the  larval  month  had  broken 
through  on  the  ventral  side.  Even  before  this  occurs,  im- 
portant developmental  processes,  which  result  in  the  abstric- 
tion  of  the  fundaments  of  the  body  cavity  and  water- vascular 
system,  take  place  in  the  archenteron.  Both  of  these  anse 
in  all  Echinoderms  as  diverticula  of  the  archenteron.  We 
apply  to  them  the  names  employed  by  Ludwig,  enterocosle 
and  hydrocele,  without,  however,  abandoning  for  the  common 
fundament  of  both  the  older,  but  very  significant,  name  of 
vaso-peritoneal  vesicle  (Selenka). 

The  formation  of  the  body  cavity  and  the  water-vascular 
system,  although  taking  place  in  various  ways  in  the  differ- 
ent divisions  of  the  Echinodermata,  nevertheless  exhibits 
close  relationships  between  the  different  groups.  We  shall 
accordingly  treat  them  here  in  the  order  in  which  they 
follow  each  other  most  naturally. 

Asteroidea  [Aqassiz  (No.  1),  Metschnikoff  (No.  37), 
Greeff  (Nos.  18  and  19)]. — Before  the  mouth-opening  of 
the  larva  is  formed,  two  bilaterally  symmetrical  outfoldings 
arise  at  the  blind  end  of  the  archenteron.  These  soon 
become  considerably .  enlarged  by  growing  out  toward  the 
posterior  end  of  the  larva  (Fig.  190  A  and  B),  Then 
each  of  the  two  vesicles  separates  from  the  intestine,  and 
the  left-hand  one  unites  by  means  of  a  tube  with  the  dorsal 
surface  of  the  larva.  This  pair  of  vesicles  constitutes  the 
fundaments  of  the  body  cavity  and  water- vascular  system. 
Their  further  development  takes  place  in  such  a  way  that  the 
left  vesicle  is  constricted  in  its  posterior  portion,  whei-eby 
a  part  finally  becomes  separated  off.  The  abstncted 
anterior  part  constitutes  the  earliest  fundament  of  the 
water- vascular  system  [hydroccele].    It  is  soon  transformed 


40b  EMBRTOLOOT 

ipto  a  five-Iobed,  rosette-like  stractiire,  ia  wliicfa  the  anb- 
tteqnent  sliape  of  the  water-vadcnlar  s^Btem,  with  its  fivv 
chief  stems,  is  already  expresaed.  The  two  chief  tcticIw, 
whiuh  fcmaia  after  the  abstriction  of  the  hydrocele,  ondergo 
a  metainnrphosis  similar  to  that  which  we  shall  describe 
farther  on  for  Asterina  gibbosa.  We  only  add  at  present 
that  they  represent  the  fandament  of  the  body  cavity,  the 
enteroeo-'le. 

It  C4n  be  seen  front  the  above  descriptian  that  in  the 
establishment  of  the  vase- peritoneal  vegiclea  a  biUter«l 
symmetry  is  expreiised,  which,  however,  is  again  deranged 


by  the  development  of  only  otie  hydroca-te.  A  more  exact 
bilateral  symmetry,  extending  to  the  formation  nf  the 
hydroca^Ie,  ap]>ean(,  on  the  other  hand,  to  exist  dnring  these 
Klages  in  the 

Ophiuroidea. — In  this  group  also,  according  to  the 
Btatements  of  MKTscHMKorr  (No.  37),  two  TaHo-peritontal 
vpsicles  arc  constricted  off  from  the  intestine,  but  each  of 
them  is  Raid  to  divide  into  an  enteroccelic  and  a  hydronrlic 
vesicle.  Ordinarily,  however,  only  the  anterior  left  one  of 
the   two    hydrocales   develops   farther,  whereas    the    right 
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one  in  most  cases  degenerates,  onlj  occasionally  giving 
rise  to  a  right-hand  water-vascular  rosette  with  a  dorsal 
pore  (MCller,  Metscunikoff).  In  exceptional  cases  in 
the  Asteroidea  also,  there  is  said  to  be  formed,  in  addition 
to  the  left-hand  one,  a  right-hand  hydrocoelic  vesicle,  which, 
quite  like  the  other,  develops  into  a  five- rayed  water- vascnlar 
rosette,  provided  with  a  dorsal  pore.  In  that  case,  a  hydro- 
coele  and  an  enterocoele  would  therefore  be  present  on  both 
sides,  and  the  symmetry  would  be  complete. 

The  development  of  enterocoele  and  hydrocoele  does  not 
take  place  in  all  Asteroidea  in  the  way  described,  for 
the  double  character  in  the  fundament  of  the  entero- 
hydrocoele  may  not  be  so  prominent,  owing  to  the  fact 
that  the  vesicles  of  the  two  sides  are  no  longer  constricted 
off  from  the  archenteron  separately,  a  condition  which  is 


Fig.  191.— il,  intestine  of  Agteracanthion  glacialis  and  the  ▼aso*peritoneftl  veeiole 
conitrioted  off  from  it  (after  Oobttx).  The  dorsal  pore  is  already  formed  ;  r  and  I, 
right  and  left  sacs  of  t  be  vaso-peritoneal  vesiole ;  A,  anus ;  M,  region  of  the 
month,  which  does  not  develop  nntil  later.  £,  vaso-peritoneal  vesicle  of  AtttritM 
fibhoMt  with  its  right  and  left  sacs  (r  and  IX  on  the  latter  the  fundament  of  the 
hydrocGBle  (R)  (after  Lvnwio). 

important  for  the  reason  that  it  is  a  transition  to  the  corre- 
sponding process  in  the  Echinoidea.  Goette  observed  in 
larvflB  of  Asteracanthion  glacialis  that  the  process  usually 
takes  place  in  the  manner  described,  but  that  during  the 
abstriction  from  the  archenteron  the  vesicles  may  in  this 
same  form  remain  united  with  each  other  (Fig.  191  A). 
Now,  according  to  Ludwig,  this  latter  condition  is  the 
common  one  in  Astertna.  The  vaso-peritoneal  vesicle 
appears  in  the  form  of  two  lateral  outfoldings  at  the  blind 
end  of  the  archenteron  (Fig.  192  A),  The  two  outfoldings 
grow  toward  the  posterior  pole  of  the  larva  (Fig.  192  J3), 
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n.nd  the  bipartite  veeitrle  separates  o(F  from  tlie  Rrchenteron 
(Fig.  192  C).  Meanwhile  tlie  blastopore  baa  closed  In 
tbeir  further  development  the  two  arms  of  the  reside  grow 
around  the  iotestine.  They  come  in  contact  with  efcch  other 
behind  [and  dorsad  of]  the  intCRtine,  and  Ihent  form  the 
mesentery,  which  extendn  from  the  intestine  to  the  b«idj. 
wall  [in  a  direction  oblique  to  the  eugittal  planed.  The 
fandament  of  the  WBter-rnecDlar  eystcm  now  iirsl  makaa  itx 
appearance  in  the  vaso-peri toned  vesicle  as  an  ontfolding 
of  the  left  half  of  the  vesicle  (Fig.  191  B,  H).  ProjvotitiK 
at  first  only  a  little  beyond  tbe  wall  of  the  TBao-peritoBeal 
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vefiiole,  it  soon  gives  rise  to  fire  lobes,  thus  producinf;  th* 
earliest  fandament  of  the  fire  mdial  stems  of  the  w«t«r- 
vaacular  system.  At  abont  the  same  time,  an  inva^natiofi 
of  tbe  ectoderm  takes  place  on  the  duntal  side  of  the  larva 
opposite  the  larral  moatfa  ;  it  grown  inwards,  and  opens  into 
the  left  half  of  the  vesicle.  This  is  the  dorsal  pure  of  th« 
larva,  which  therefore  effects  a  commtmi cation  of  the  oat- 
side  world  with  enteroccele  and  hydrociple,  for  tbe  ■vpnm- 
tion  of  the  latter  from  the  enteroctrle  does  not  take  pl«c« 
until  later. 
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The  processes  which  we  have  followed  in  the  development 
of  the  enterocoele  and  hjdrocoele  of  Asterina  bear  a  close 
resemblance  to  those  which  give  rise  to  the  formation  of  the 
vaso-peritoneal  system  of  the 

Echinoidea. — As  in  Asterina,  the  blind  end  of  the  arch- 
enteron  is  transformed  into  the  fundament  of  the  vaso- 
peritoneal  vesicle  (Selenka,  No.  53).  Two  outpocketings 
are  developed  from  it,  the  two  being  constricted  off  in 
common  from  the  intestine  (Fig.  193  il  to  C).  It  is  not  until 
later  that  thej  separate  into  a  right  and  left  vesicle ;  the 
former  constitutes  a  part  of  the  enterocoele,  but  the  latter 
represents  not  only  the  other  part  of  the  enterocoele,  but  also 
the  hydroccele.  Accordingly  by  another  constriction  the 
left  vesicle  is  divided  into  two,  and  in  this  manner  gives  rise 


Fio.  199.— il  to  C,  longitadiziftl  Bectiont  of  the  archenteron  of  XcKtnut  mUiarit, 
showing  the  development  of  the  vaso-peritoneal  vesicle  (after  Sblxhka). 

to  the  left  enterocoelic  sac  and  the  hydrocoele.  The  same 
process  is  said  by  Mbtschnikoff  to  take  place  in  the  right 
vesicle,  so  that  a  hydrocoele  is  formed  on  the  right  side  also, 
in  a  manner  similar  to  that  described  for  the  Asteroidea  and 
Ophiuroidea.  The  right  hydrocoele  is  said  subsequently  to 
degenerate.  These  statements  are  noteworthy  only  for  the 
reason  that  they  may  indicate  that  the  water- vascular 
system  is  traceable  to  an  organ  of  paired  origin. 

A  mode  of  origin  of  the  hydro-enterocoele  still  more 
modified  than  that  in  the  forms  hitherto  considered  is 
exhibited  in  the 

Holothurioidea,  although  it  can  be  referred  to  the  same 
plan.  We  have  already  seen  in  Synapta  (comp.  Figs.  176  to 
179,  pp.  395,  396)  that  a  part. of  the  archenteron  detaches 
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itself  From  tlio  rest,  and  unites  with  t)je  dorsal  wall  of  th* 
litrva.  As  its  fnither  development  sliuws,  tliis  alwtnated 
portion  of  tlie  archenteroii  correaponda  to  the  vnso- peritoneal 
vesiclB  of  tbe  other  Eeliinodermata  (Fig.  179).  It  cammuni- 
catea  dii-ectl;  with  the  outsido  world  by  means  of  the  dorkal 
pore,  jast  as  in  certain  Aatei-oidea.  It  is  not  until  this  niMftv 
that  a  constriction  makes  its  appearance  in  the  post«nur 


third  of  the  vaso- peritoneal  reside  (in  Holotkitria  tnhtdotm). 
which  divides  the  vesicle  into  the  by drocoole,  oonneetcd  with 
the  dorsal  pore,  and  the  less  extensive  eiit«rooAle  (Vig.  IM 
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H  and  E).  The  former  is  soon  transformed  into  a  five-lobed 
strncture,  which  grows  aronnd  the  stomodaBum  of  the  larva, 
and  thus  proves  to  be  the  water- vase  alar  ring  of  the  animal 
(Fig.  195).  Five  ontgi«owths  from  it  indicate  the  primary 
tentacles. 

The  enterocoele  has  in  the  meantime  grown  out  into  a  sac, 
which  has  bent  aronnd  under  the  intestine  and  then  divided 
into  a  right  and  a  left  peritoneal  vesicle.  These  are  sym- 
metrically placed  on  the  intestine  (Fig.  195).  They  enlarge 
and  finally  obliterate  the  cleavage  cavity.  Their  cavity  be- 
comes the  permanent  body  cavity,  and  their  walls  the  peri- 
toneum. Where  their  walls  come  together  the  mesentery  of 
the  intestine  arises. 

In  the  development  of  the  entero-hydrocoele  the  Holothurioidea  differ 
from  the  forms  previously  considered,  owing  to  the  fact  that  the  vaso- 
peritoneal  vesicle  does  not  present  a  bilaterally  symmetrical  shape  from 
the  beginning,  this  being  expressed  very  late,  not  until  the  abstriction  of 
the  enteroccele  from  the  hydrocoole  has  taken  place.  The  hydrocoele 
in  the  Holothurioidea,  in  contrast  to  the  other  forms,  separates  very  early 
from  the  enterocoBle. 

In  the  Crinoidea  the  conditions  are  quite  peculiar,  pro- 
bably owing  to  the  fact  that  the  archenteron  surrenders  its 
connection  with  the  ectoderm  at  a  very  early  period,  and 
lies  as  an  isolated  sac  in  the  interior  of  the  blastula.  On 
the  third  day  this  sac  acquires  an  annular  constriction 
(Fig.  196  A),  which  later  becomes  considerably  deeper,  so 
that  there  arise  two  vesicles,  which  are  connected  by  only 
a  narrow  neck.  The  two  vesicles  may  be  distinguished  as 
anterior  and  posterior,  for,  corresponding  to  the  subsequent 
development  of  the  embryo,  an  anterior  and  a  posterior  part 
of  the  body  can  be  distinguished  even  now.  The  anterior  pole 
is  marked  by  the  accumulation  of  nnmei*ous  mesenchyma 
cells,  and  the  posterior  by  the  position  of  the  vesicular  archen- 
teron. The  posterior  of  the  two  vesicles  now  changes  its 
shape  by  elongating  in  the  transverse  direction  and  then  ac- 
quiring a  slight  constriction  at  the  middle  (Fig.  196  IJ). 
Two  hollow  processes  grow  out  backward  from  the  point  of 
janction  of  the  two  vesicles,  and  bend  around  the  constricted 
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part  of  tlie  posterior  veeicle.  Moreover,  the  anterior  Tnicl* 
has  also  altered  in  shape,  for  it  divides  into  an  extensiv* 
saccular  and  a.  more  narrow,  canal-shaped  portion  (Fig.  196 
B).  The  fundaments  of  the  most  important  parts  Kre  tfaiis 
produced.  The  posterior  bipartite  vesicle  cunstitnle*  the 
fnndament  of  the  enterocoeles.  It  first  separates  fmm  ttia 
other  parts,  and  then  divides  into  a  rig'ht  and  left  eo'Iamio 
sac.  Of  the  two  processes  from  the  neck  between  the  «nt«riar 
and  posterior  vesicles,  only  the  larger,  doreal  on*  ia  juid 
to  be  retained,  to  constitnte  the  fundament  of  the  inteatin«, 
whereas  the  smaller,  ventral  one  disappeftrs  (B*iUtois).  The 
anterior  vesicle,  the  hj-droccele,  which  already  exhibits  the 


uoMnchTmi 


separation  into  water- vascular  vesicle  and  stone  canal, 
remains  united  with  the  intestine  (or  some  time  (Pqj.  19ij 
B).  Later  the  hyd:-oci£le  also  separates  from  the  joieatine, 
and  then,  as  in  other  Echinoderm  larvie.  the  two  i.-nt«rDca»lc« 
and  the  hjdroccele  are  found  lying  next  to  the  inte*tia«, 
which  has  now  consider  ably  enlarged.  However,  the  otkI 
and  anal  openings,  na  welt  as  the  water-vaecniar  porv,  mrt 
still  lacking. 

A  vaeo-peritoneni  vesicle  can  scarcely  bo  spoken  of  in 
Aniedon,  unless  the  condition  in  which  the  klrcttdy  paired 
enieroccelee  are  still  connected  with  the  hydrocele  b^  raeaiaa 
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of  the  narrow  neck  is  to  be  considered  as  such.  The  entero- 
coeles  in  Antedan  separate  from  the  common  fundament  of 
the  intestine  and  hydrocoele  at  a  yerj  early  period. 

In  the  development  of  Antedon  the  statements  of  Qoette,  Barbois,  and 
Bury  are  opposed  to  one  another.  In  what  precedes  we  have  followed 
those  of  Barbois,  for  they  agree  fairly  well  with  those  of  Burt.  Differ- 
ences between  these  two  authors  exist  in  so  far  as,  according  to  Bury,  the 
two  processes  from  the  neck,  connecting  anterior  and  posterior  vesicles, 
unite  and  together  constitute  the  intestine,  which  at  first  is  circular  in 
form,  and  through  which  there  extends  for  a  while  a  solid  cord,  uniting 
the  two  enterocoeles.  Furthermore,  according  to  Bury,  only  the  larger 
portion  of  the  anterior  vesicle  represents  the  fundament  of  the  hydro- 
coele; the  smaller  portion,  after  separating  from  the  hydrocoele,  still 
supplies  a  part  of  the  body  cavity  (anterior  body  cavity),  and  later  is 
connected  with  the  outer  world  by  means  of  a  canal,  whereas  a  union 
of  this  part  of  the  body  cavity  with  the  hydrocoele  and  the  formation  of 
the  stone  canal  take  place  only  secondarily.  According  to  this,  a  part 
at  least  of  the  enterocoele  would  arise  at  the  same  time  as  the  hydro- 
coele. According  to  the  statements  of  Barrois,  on  the  other  hand,  the 
hydrocoele  in  this  case,  contrary  to  all  other  Echinoderms,  takes  its  origin 
independently  of  the  enterocoele.  The  same  is  to  be  gathered  from 
GoETTE*8  description,  which,  however,  it  is  difficult  to  harmonize  with 
those  of  Barrois  and  Bury. 

Features  appear  in  the  development  of  Antedon  which, 
besides  infloencing  the  shape  of  the  archenteron,  also  modify 
its  derivatives,  the  enterocoele  and  hydrocoele.  In  accord- 
ance with  the  attached  mode  of  life  of  the  later  larval 
stages,  the  farther  development  also  exhibits  important 
deviations  from  the  development  of  the  other  Echinoderms. 

Statements  on  the  Development  of  the  Entero-hydrocoele  not 
in  accord  with  the  Preceding. — The  studies  of  N.  C.  Apostolides  on 
the  development  of  two  Ophiurans  (Ophiotrix  versicolor  [Lusitanica  Lin., 
cf.  Fewkes,  No.  13]  and  Amphiura  squamata)  also  contain  statements 
on  the  mode  of  formation  of  the  water-vascular  system,  but  the  results 
are  so  different  from  anything  hitherto  known  of  Echinoderm  develop- 
ment that  we  mention  them  only  on  account  of  their  remarkableness. 
In  both  forms  the  gastrula  is  said  to  arise  not  by  invagination,  as  is 
known  to  be  the  case  in  other  Echinoderms,  but  rather  by  delamination. 
Likewise  the  fundament  of  the  water-vatcular  t^ytUm  is  said  to  be  de- 
veloped in  a  different  way,  namely,  by  an  accumulation  of  two  mamet  of 
etlltf  one  on  either  side  of  the  archenteron.     These,  according  to  the 
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desoription  of  the  Biithor.  evidently  must  come  from  the  meaonelinB*- 
Kxamples  at  both  k^i^'^  vere  preriooslj  studied  by  Bttracti  (Cva- 
pnraline  Emhrytiinj/i  and  METSCHNiKorr.  and  were  touod  to  be  like  otfaw 
EchinodermB  in  repird  lo  the  alnieiutBS  in  question. 

The  Btudlea  of  Bdht  {Ho  »)  on  Ihe  earl?  deTelopmeni  »t  the  Hitam- 
hydrocotle  are.  on  the  contrary,  important.  It.  in  spite  of  thii.  w«  haTc 
not  given  them  e  correspondingly  promioeot  place  in  our  tcconnt  ol  th— 
conditinna,  it  is  owing  cbiefly  to  the  (aot  that  BckT's  statomant*  on  thia 
anbject  are  almoat  directly  opposed  lo  thoae  of  other  authors,  and  that, 
rurthermore.  they  neither  trace  the  fundaments  ot  Ihoae  orguu  b«ek  lo 
the  earlieat  stages,  nor  devote  euCBcient  attention  to  the  laMr  hittarj 
of  them.  For  these  reasons,  Bl-bt'b  investigations,  wliich.  after  all. 
include  only  a  tew  stages  Irom  Ihe  middle,  do  not  eeem  to  ni  to  bo  aoA- 
cientty  conclusive  upon  the  development  ot  thia  importanl  ayatuu  ol 
organs.  deriaUng  so  fundamentally  as  they  ilo  (torn  all  olhvr  deacri|rtiofia. 

BcRT  assumes  that  all  Echinoderm  larvai  have  not  two  ebtaniewlie 
sacs,  as  had  previously  been  believed,  but  Iwo  pain  ot  thnu,  aillMr 
aclnally  present  or  to  be  recognized  from  their  (nnilainenta.  Tboa  Iha 
larval  body  would  exhibit  an  internal  segmentation.  These  oondituiaa 
can  be  clearly  seen  in  the  larvK  of  Ophiurant  and  KclilmiiiU,  in  whicfe 
the  larger,  anterior  enterocuelce  lie  at  the  aide  of  the  t 
amallcr,  posterior  ones  next  to  tlie  stomach.  The  antoHor  ■ 
pairs  have  arisen  by  division  of  the  primary  enterocalea.  Tba  laA 
anterior  enterocitlio  sac  opens  lo  Ihe  exterior  by  mean*  ot  tba  ««lar 
pore.  The  union  ol  the  latter  with  the  enteromt^lic  sac  doaa  aot  vocM- 
tpond  to  the  subBe<|uent  stone  canal,  for  the  hydrootrle  dooa  not  utae 
until  later,  and  then  either  from  the  anterior  or  poatarior  aiterDcal*. 
froni  which  it  is  constricted  oSi  it  is  only  secondarily  that  it  unito  with 
the  anterior  enteroctcle.  Originally,  then,  only  Ihe  body  cavity  eamniB- 
nioates  (by  means  ot  the  dorsal  pore)  with  the  outer  world.  Th*  bydro- 
c<Ble  does  not  nniie  with  the  body  cavity,  and  thus  with  th«  ootar  <wic«M, 
until  later.  Such  conditions  were  also  found  by  Lcowin  in  later  MacM 
ol  ifftrnnn  {comp.  pp.  408  and  43S),  and  are  retained  throBshoal  Bit 
in  the  Crinoidea  (oomp.  p.  447  and  Fig.  234,  p.  4u8|. 

Bcrt's  observations  seem  to  coincide  with  those  ot  UKncvxDtorv.  wba 
also  observed  a  division  of  the  right  enterocnlio  vend*  in  OpHarwae  mad 
Echinmdt.  but  referred  it  to  the  rormalimi  of  a  right  fayUroecrl*,  «Uch 
aubsequently  degenerates.  Thus  MmtcHxiiorr  argue*  tor  a  primilnaly 
pftired  fundament  of  the  hydroctele,  whereas  Boav,  liha  i 
derives  it  as  an  unpaired  struclare  from  one  ol  the  I 
the  left  side. 

In  other  Echinoderm  larv*  Brnt  finds  the  internal  i 
aharply  expressed.     In  the  Attruiidra  an  anleri 
cole  can  still  be  distinguished ;  they  are.  however,  no  I 
bat  c«*lesce  with  each  other.     The  Holoikunoiim  an  aald  lo 
in  addition  to  the  two  posterior  enteroc<Blas,  a  left  anicrior  ana.  « 
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however,  from  the  beginning  exists  only  as  an  indistinct  appendage  of  the 
hydroccele;  likewise  in  the  Crinoidea  {AnUdon)  only  an  anterior  entero- 
coele  is  present,  which,  united  with  the  hydroccele,  is  constricted  off 
from  the  archenteron.  What  Bubt  here  considers  as  anterior  enterocoBle 
and  hydroccele  together,  other  authors  look  upon  as  hydroccele  only. 
Where  the  conditions  are  of  such  a  character  as  they  are  in  the  Holo- 
thurioidea  and  Crinoidea^  and  to  some  extent  in  the  Asteroidea,  Bdrt 
conceives  a  partial  degeneration  of  the  originally  paired  and  segmentally 
arranged  enterooceles. 

It  is  not  to  be  denied  that  in  most  forms  the  common  entero-hydroccele, 
the  so-called  vaso-peritoneal  vesicle,  communicates  (by  means  of  the 
dorsal  pore)  with  the  outside  world ;  but  whether  it  was  the  enteroccele 
alone  which  originally  possessed  this  union,  and  whether  the  hydroccele 
was  united  with  it  only  secondarily,  does  not  yet  seem  to  be  proved  by 
Burt's  investigations  as  long  as  the  origin  and  subsequent  fate  of  his 
anterior  and  posterior  enterooceles  remain  unknown. 


III.    THE  DEVELOPMENT  OF  THE  TYPICAL  LARVAL 

FORMS. 

Having  become  acquainted  with  the  most  important  pro- 
cesses which  take  place  within  the  body  of  the  larva,  we 
turn  to  the  consideration  of  its  external  shape.  This  is  very 
different  in  the  separate  groups  of  Echinoderms.  Like 
MDllkr,  we  start  with  a  simple  fundamental  form,  from 
which  to  derive  the  different  larval  forms.  This  funda- 
mental type  is  an  elongate,  oval  to  pyriform  larva,  which  is 
somewhat  flattened  on  the  ventral  side.  This  larval  form 
arose  from  the  gastrala,  the  blastopore  of  which  is  meta- 
morphosed into  the  anus,  while  the  archenteron  bends 
around  toward  the  ventral  side  and  here  connects  with 
the  outside  world  by  means  of  the  larval  mouth.  The  larva 
possesses  still  another  opening  in  addition  to  these  two, 
namely,  the  dorsal  pore  of  the  water- vascular  system.  The 
flagella  with  which  the  larva  was  at  first  uniformly  covered 
disappear  in  part,  and  are  retained  only  on  limited  areas, 
which  are  called  ciliated  bands. 

Crinoidea. — The  larva  of  Antedon  is  one  of  the  most  sim- 
ply constructed  of  Echinoderm  larvsB.  At  first  of  fairly  uni- 
form, oval  shape,  it  is  subsequently  slightly  curved  toward 
the  somewhat  flattened  ventral  surface.    In  place  of  the  com- 
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plete  covering  of  oilia  of  the  firBt  few  dftys,  it  sobsequently 
acqnires  fire  ciliated  rings,  which  encirute  the  body  trsns- 
Teraelj,  and  a  toft  of  long  cilia  at  the  anterior  end.  The 
most  anterior  of  the  ciliated  rings  is  less  iharplf  murked 
than  the  others  (BuBt),  owing  to  which  earlier  aothors 
Bpoke  of  only  four  rings  of  cilia.  The  larva  awtma  with  the 
toft  of  cilia  directed  forwards.  [Under  the  tnft  lies  a 
thickening  of  the  ectoderm  which  was  recognised  already  by 
Nachtrieb  (No.  XXa,  Appendix  to  Literature)  as  an  apical 
plate.  It  haa  been  confirmed 
aa  Bucb  by  the  recent  thorongh 
investigations  of  Skliqek  (No. 
XXVI.).  Indications  of  an 
apical  plate  also  appear  in  the 
yoanger  stages  of  other  Echi- 
noderm  larve  (Asteroidea  and 
Echinoidea). — K.]  If  we  com- 
pare the  larva  of  Ant«doD  with 
that  of  the  other  Echinodenns, 
in  which  the  blastopore  be- 
comes the  anns,  we  mast  look 
upon  the  end  opposite  the  anns 
— namely,  the  one  provided 
with  the  taft  of  cilia — as  the 
anterior  end  of  the  larva,  and 
more  especially  becanse  the  so- 
called  larval  month  lies  nearer 
to  this  end.  Recent  anthors 
designate  as  the  mouth  a  cili- 
ated depression  which  lies  on 
the  ventral  side  between  the 
second  and  third  rings  of  cilia 
(Pig.  197).  This  pit  doea  not 
represent  an  actnal  month-opening,  for  it  is  not  connected 
with  the  intestine,  bat  the  so-called  vestibule  is  subsequently 
formed  at  this  point,  and  the  month-opening  arises  at  its 
bottom. 

A  small    pit   is  fonnd  on  the  ventral    surface    near  the 
anterior  end  of  the  larva,  which  later  serres    the  larva  in 


lonoed  lu  tenutnlcd  plaMi,    Or,  pit 


ECHIKODERUATA  417 

attaching  itself.  Furthermore,  on  the  left  aide,  between  the 
third  and  foarth  ciliated  b&nds,  the  water  pore  makes  its 
appearance  as  a  clear  spot  on  the  yellowish-brown  larva. 
In  addition  to  the  systems  of  organs  already  considered, 
the  earliest  fandaments  of  the  skeleton  can  be  recognized 
(Fig.  197j. 

Holothurioidea.— The  larvee  of  the  Holothurioidea  nsn- 
ally  exhibit  a  typical  form,  which  was  designated  by  JoH. 
ilC'LLEB  aa  the  Auricalaria.  Its  derivation  trom.  the  funda- 
mental form  of  the  Echinoderm  larva  is  ilI<iBtrat«d  by  the 
following  diagram'  (Fig.  198),  in  which  the  nhaded  part 
represents  the  deep  depi-easiua  of  the  body,  within  which  the 
month-opening  (m)  lies.  This  part  is  sarroanded  by  a  band 
of  cilia,  the  transverse  tracts  of  which,  those  lying  in  front  of 
the  month  and  in  front  of  the  anus,  have  been  distinguished 


Fie.  IBS.— A  to  t>.  devclapnieal  of  ths  AiincuUrii  from  lh«  (nndwiienUI  form  of 
th«  Ecbino-lerm  l>r>B>  (dltgnun  kKer  Job.  MCllh.  ttnm  BiiroDi'a  Compamliri 
EmhTfeli>itl  The  br«d  bluk  Una  in'ltcBtes  ibe  clliBted  band,  Iha  Bbkdwl  una 
(badeprsfeied  pmrt  oFtbe  BDrfBce.    an,uius^  r4.  mnulb. 

from  the  tracts  extending  lengthwise  on  both  aides,  the 
Bo-called  longitudinal  parts  of  the  ciliated  band  (Figs.  108 
A  and  B).  The  anns  lies  near  the  posterior  pole  of  the  larva. 
In  its  further  development  the  body  of  the  larva,  in  front' 
as  well  as  behind,  becomes  more  hollowed  ont  on  both  sides, 
ivhile  the  elevated  parts  of  the  ventral  surface  persist  and 
Brow  toward  each  other  (Fig.  198  li  and  C).  In  this  way 
there  results  a  larval  form,  on  the  ventral  side  of  which  an 

>  Tb«  manner  of  orientation  chosen  b;  Jon.  MClleb  has  been  retained 
in  thii  and  in  the  following  diaf^ammatlc  figures  (300,  '202,  and  203)  tor 
practical  leasons  onlj.  It  would  be  better  if  they  were  placed  with  the 
mouth  upwards  and  the  anus  down,  as  has  been  done,  (or  example,  in 
Figs.  199.  204,  30»,  and  311. 
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anterior,  so-called  preoral,  and  a  posterior,  anal  area  can  be 
distiDguished  as  elevated  parts  from  the  depressed  portionn 
(Fig.  198  0  and  P).  At  the  anterior  and  posterior  ends  the 
two  areas  bend  aronnd  toward  the  dorsal  surface.  Fig. 
199  A  shows  a  larva  at  aboat  this  stage  as  seen  from  the 
side.     The  further  development  of  the  shape  of  the  larva 

is    finally  attained   by 
^  B  the    extension    of    the 

Je       /C^"^^  y5^<'         depressed,  or  hollowed- 
j  ^^\  out,  region  more  to  the 

periphery,  and  by  the 
production  of  lobular 
processes  at  the  mar- 
gins of  the  body,  owing 
to  the  outgrowth  of  cer- 
tain parts  (Fig.  198  D). 
Calcareous  depositu, 
having  the  shape  of 
delicate  miniature 
wheels,  may  make  their 
appearance  in  thei^ 
ear- like  appendages 
(Fig.  205,  p.  426).  Along  the  periphery  of  the  lobes  runs  an 
uninteiTupted  ciliated  band,  which  borders  the  two  ventral 
areas  as  well  as  the  dorsal  surface. 

In  each  of  the  two  depressed  lateral  surfaces  of  the  Aoricalaria  larrm 
lies  a  structure  resembling  a  ciliated  band ;  bat  these  atractares  bear  no 
relation  to  the  ciliated  band  itself.  Each  of  these  two  bands  exhibits  the 
form  of  a  blunt  angle  opening  toward  the  ventral  surface.  The  cords 
consist  of  ciliated  cells  and  fine  longitudinal  fibres  lying  under  them. 
Strands  of  fibres  pass  from  them  to  the  ciliated  band.  AccordinirW 
Metrchnikoff  (No.  37)  and  Sbmon  (No.  55)  interpret  the  two  cords  as  the 
central  nervous  system  of  the  larva.  They  also  occur  under  similar  cir- 
cumstances—to anticipate— in  the  Pluteus  larvn  of  the  Ophioroidea. 
On  the  other  hand,  corresponding  structures  do  not  occur  in  the  Xmrvm  of 
the  Echinoidea  and  Asteroidea.  According  to  Sbxox,  however,  fine 
fibres,  similar  to  those  in  the  nerve  cords  of  the  Auricularia  larvK,  occur 
in  the  ciliated  band  of  these  larve,  so  that  the  nerve  apparatua  would  be 
connected  with  the  ciliated  bands  in  the  same  way  as  in  the  larra  of  the 
Annelida  (comp.  p.  266). 

[A  very  large  Holothurian  larva  (Auricularia  nudibranchiata),  which 


Fig.  100.— it  and  B,  larva  of  a  Holothurioid 
and  an  Asteroid  reiipectivelj  teen  from  the  side 
(from  Balpoub's  Comyarativt  Embrycl<tgy),  a, 
anuM ;  l.c,  ciliated  band ;  m,  mouth ;  pr.c,  adoral 
band  of  cilia  of  the  Bipinnaria ;  «(,  stomaoh. 
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attains  a  length  of  6  mm.  and  is  characterized  by  the  complicated  form  of 
its  ciliated  band,  has  been  recently  described  by  Chun  (No.  VII.,  Appf.ndix 
to  Literature).  The  ciliated  band  of  this  lar\'a  is  extraordinarily  tortuous, 
and  exhibits  arabesque-like  foldings.  Somewhat  similar  conditions  were 
previously  mentioned  in  the  case  of  a  very  large  Tomaria.  Chun's 
paper,  which  is  important  in  many  respects,  contains  an  account — to 
which  attention  may  be  called  here— of  a  sac-like  invagination  of  the 
hind-gut  of  the  larva,  from  which,  according  to  Chun's  conjecture,  the 
respiratory  trees  of  the  Holothurian  may  arise. — E.] 

The  Aaricolaria  larva  does  not  occnr  in  all  the  Holo- 
thnrioidea.  Thas,  for  instance,  the  larva  of  Cucumaria 
doliolum  at  the  time  of  the  formation  of  the  month  assumes 
a  cylindrical  form  (Selenka).  The  flagella  disappear  zone 
by  zone,  nntil  the  larva  retains  only  fonr  to  five  bands  of 
cilia,  a  ciliated  anal  area,  and  a  ciliated  cephalic  zone.  With 
this  the  so-called  pnpal  stage  is  reached,  which  does  not  make 
its  appearance  in  the  development  of  other  Holothnrians 
until  later  (comp.  p.  427).  Another  Holothurian,  Psolinus 
hrevis,  develops,  according  to  Kowalevsky  (No.  28),  alto- 
gether without  a  metamorphosis.  The  young  Holothnrians 
arise  directly  from  the  eggs,  which  are  laid  in  the  sea- water. 
In  Phyllophanis  uma  the  larvae,  which  are  probably  com- 
pletely and  uniformly  ciliated,  are  said  to  swim  about  in  the 
body  cavity  of  the  parent.  When  they  abandon  the  parent, 
they  already  possess  five  tentacles  and  two  feet.  A  similar 
condition  is  found,  according  to  LuDWio  (No.  33),  in  the 
likewise  viviparous  Chtrodota  rotifera, 

Asteroidea. — The  larval  form  of  the  Asteroidea,  like 
that  of  the  Holothurioidea,  can  be  derived  from  the  funda- 
mental form.  If  Figs.  200  B  and  198  C,  from  Joh.  MOllkk's 
diagrams,  are  compared,  one  sees  that  in  the  Asteroid  larva 
the  preoral  area  of  the  ventral  surfaces,  together  with  the 
part  of  the  ciliated  band  surrounding  it,  is  isolated.  The  de- 
pression on  the  ventral  surface  is  continued  farther  forward 
here  than  in  the  Holothurian  larva.  In  this  way  the  con- 
nection of  the  preoral  area  with  the  dorsal  surface  is  inter- 
rap  ted,  and  the  ciliated  band  is  separated  into  two  parts. 
Thus  two  ciliated  bands  arise,  which,  from  their  positions, 
may  be  designated  as  the  adoral  and  adanal  (Figs.  200  A 
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and  199  B).    Of  these  the  latter  is  mach  the  longer  (Fip.flOft 
A  to  D). 

By  the  bulf^ng  and  growing  outward  ot  the  peripheral 
parts  of  the  larva,  there  arise  longer  and  shorter  procMiim. 
which  are  bordered  by  the  ciliated  bauds  (Fig.  200  (.^).  Thi» 
lai'val  form  received  from  its  discoverer.  Sabs,  the  Duno  of 
"  Bipinnaria"  {attengera),  which  it  continaed  to  b«ar  even 
after  its  relation  to  the  starlisheB  was  recognined. 


I 


■I  fonii  or  lbs  ICchidodarm  I 
Arolin  Bmliryaliiirir).    Th* 
id  put  lbs  depnlMil  |>anloD  of 
r«B»nl  u>  the  ortMiMtkin  of  Ibe  Asurea. 

The  opinion  which  Bemok  ndvBDCeB  Ctinceming  tha  origin  ot  tli«  Bi- 
]niiiuirT<i  larva  does  not  agree  nith  the  deaoripticm  o(  it  which  w*  Inn 
jasC  (civen.  Simon  finilB  in  the  EchinodFrw  larva  a  eiliatctl  b 
iog  tlie  mouth,  a  loop  of  which  ocoasionallj  oitenda  inUi  the  a 
(as  in  the  Auricularia).  This  "  adoral "  ciliated  band  haa  nuthhiit  la  ^ 
with  the  conliDuous  ciliated  hand,  but  eiisla  iodependmitly  ot  it.  In  the 
fii;iinnnrrn  the  "ailoral"  ciliated  hand  o(  Sehun  is  naid  alio  lo  mpiilj 
that  partui  the  ciliated  band  which  wc  called  the  adural  part,  >o  Ihal  llw 
Ullir  ii  not,  aa  we  dencribed  it,  lo  bo  looknl  npnn  as  a  datach«d  |»it  ^ 
the  rontinnouB  ciliated  band.  As  long  aa  itriet  pmut  at  aaeb  a  twvoim  ot 
atn/Sn  ia  not  forthconiing.  we  are  unable  In  aocepl  tfaia  opinioa.  Tb 
agreamenl  of  tlie  preoral  area  in  AuriculaHa  and  Bifinmari*  ia  uo 
striltlng  (or  one  not  lo  aisume  that  iti  isolation  took  plM«  br  niMm  «l 
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a  deeper  and  deeper  inciaion  on  the  part  of  the  lateral  depresaions.' 
(Comp.  also  in  this  coDaectioa  Figs.  300  itad  19H,  as  well  aa  Fir.  199 
A  and  Jl.)  JoH.  MOlleb  ligurea  Auricularians  in  which  the  two  deprea- 
sions  almost  meel  at  the  anterior  end  of  the  larva.  FuctheTmore,  the 
breaking  up  ol  the  ciliated  band  discovered  by  Sf.mon  and  the  metamor- 
phosis of  the  component  parts  into  the  epithelium  of  the  forc-Kut  men- 
tioned by  him  make  the  band  appear  to  be  more  prubablj  an  oral  ciliar; 
apparatus,  serving  for  the  capture  of  food  (comp.  p.  427). 

The  Drachiolaria  arises  fi-om  the  Sipiunaria  of  the  star- 
fiah  as  a  sabseqnent  stage  by  the  formation  of  two  addi- 
tional processes  at  the  base  of  the  longer  (dorsal)  appendage 
(Fig.  2U0  D).  In  this  way  are  formed  the  so-called 
Bracbiolarian  arms,  which  are  different  fi'om  the  others. 
They  are  not  bordered  by  a  ciliated  band,  but  possess  wart- 
like elevations  at  the  ends,  which  probably  serve  the  larva 
for  attaichment  in  later  stages. 

In  the  startishes,  too,  many  exceptions  to  the  typical  form 
of  the  larva  are  foand.  This  is  the  case  in  Aglerina  gibbota, 
the  development  of  which  has  been  made  known  through 
the  thorough  researches  of  H,  Lldwki.  The  larva,  which 
at  first  is  pyriform,  acquires  a  ridge-like  thickening,   en- 


aide  ;  Lo,  luval  organ 


closing  a  depressed  area,  at  the  anterior  end  (Fig.  201 
Lo).  This  thickening  finally  acqaires  a  volume  snrpassing 
that  of  the  rest  of  the  larval  body  (Fig.  201  B).  The 
peculiar  organ  consists  of  two  lobes,  and  since  the  anterior 

■  [Tfaig  interpretation   is  confirmed   by  the   investigations  carried  on 

written.— K.] 


422  EMBBYOLOGT 

one  of  these  occasionallj  divides,  a  certain  resemblance 
to  the  Brachiolarian  arm  is  produced.  For  in  this  waj 
there  arise  two  lobes,  which  lie  symmetrically  in  front 
of  the  mouth,  and  a  third  unpaired  lobe,  which  i«  farther 
removed  from  the  month-opening.  Bat  the  arms  of  the 
Brachiolaria  which  lie  in  front  of  the  mouth  have  a  similar 
position,  and  therefore  LuDWio  homologizes  the  larval 
organs  of  Asterina  with  the  latter.  The  organ  is  muscular, 
and  serves  the  larva  for  attachment.  Similar,  but  multifid, 
larval  appendages  have  also  been  described  by  Sars,  Joh. 
MCller,  A(iAssiz,  Thompson,  and  others,  for  EchinaMer  and 
Asleracanthion  {Mulleri), 

Nothing  more  detailed  has  been  learned  of  a  vermiform 
Echinoderm  larva  described  by  JoH.  MOller,  which  wan 
divided  into  five  segments  by  transverse  comitrictiona,  and 
to  the  under-sarface  of  which  a  five-lobed  star  was  attached. 
According  to  Jou.  MCller's  account,  it  develops  into  a  st^r- 
iish. 

Ophiuroidea. — The  Pluteus  larv®  of  the  Ophinroidea  ex- 
hibit an  essentially  different  shape  from  that  of  the  larvn* 
thus  far  considered.      But  they   also  arise  from  the  nanie 
fundamental  form.     As  in  the  cases  pi'eviously  considereil, 
there  is  a  continuoas  ciliated  band,  which  borders  the  dtt»p 
depressions  of   the   body   (Fig.  202  A).      The   subsequent 
characteristic  shape  of  the  larva  depends,  in  the  first  place, 
upon  the  fact  that  the  anal  area  increases  considerably  in 
extent,   while    the   preoral  area,   on   the    contrai-y,   almost 
entii-ely   disappears    (Fig.  202  B),     Apart  from   this,  the 
shape  of  the  larva  is  determined  by  the  long  processes  into 
which  its  peripheral  portions  grow  out  (Fig.  202  C  and  D). 
These  are  bordered  by  the  ciliated  band,  which  is  still,  and 
always  remains,  continuous.     As  the  form  of  the  Pluteus  is 
reached,  the  anal  area  becomes  pointed  (Fig.  202  D).     The 
two  ventral,   posterior  arms  are  especially  well  developed. 
They  are  also  significant  for  the  reason  that  they  are  always 
present,  whereas  the  other  arms  may  be  more  or  less  sup- 
pressed. 

The  Pluteus  larvee,  unlike  the  Auricularia  and  Bipinnaria^ 
possess  a  calcareous    skeleton.      As  early  as  the  gastrala 
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stage  of  the  larva  two  triradiate  calcareous  bodies  are 
8eci*eted  by  the  mesenchjma  cells  in  the  vicinity  of  the 
blastopore.  These  soon  elongate  owing  to  the  activity  of 
the  mesenchyma  cells.  They  increase  considerably  in 
volume,  branch,  and  send  out  rod-like  processes  into  the 
arms  as  soon  as  the  latter  are  developed.  The  calcareous 
rods  fuse  at  the  posterior  end  of  the  larva,  and  appear  to  be 
united  here  by  a  kind  of  ring  having  a  transverse  position 
(Fig.  211,  p.  438).  In  this  way  there  arises  an  excellent 
supporting  apparatus  for  the  larva  and  its  appendages. 


Pig.  202.— it  to  D,  evolution  of  the  Ophiuran  Pluteun  from  the  fundamental  form 
of  the  Bcbinoderm  lanra  (diagram  after  Joh.  MCllsk,  from  BA.LrouB*8  Comparative 
Bmhryology),  The  broad  black  line  indicates  the  ciliated  band,  the  shaded  area 
the  depressed  part  of  the  external  surface.  In  regard  to  the  orientation,  what  is 
said  on  p.  417  (footnote)  applies  here  also,  an,  anus;  m,  mouth.  The  other  letters 
refer  to  the  nomenclature  of  the  appendages,  which  is  not  further  considered  here. 

Amphiura  squamata  develops  without  any  real  meta- 
morphosis. Amphtura  is  viviparous.  The  earliest  develop- 
mental processes  are  nearly  the  same  as  those  that  we  have 
already  learned  about.  There  arises  an  oval  embryo,  which 
assumes  a  bilaterally  symmetrical  shape,  but  which  does 
not  develop  into  a  ciliated  larva,  passing,  on  the  contrary, 
directly  into  the  five-rayed  star.  The  young,  even  at  the 
time  when  they  come  into  the  world,  exhibit  the  organization 
of  the  parent.  It  is  interesting,  however,  that,  despite  this, 
the  larval  skeleton  of  the  PlutetM  is  begun  in  the  embryos. 
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Tliia  points  to  the  fact  tlmt  even  in  Amphiara  or  tt«  ati- 
ci'stors  a  raetnmorphosU  took  place,  wliich.  however,  wa« 
aIiiin;loned  owing  to  a  change  in  tlie  mode  o[  liftt. 

Echinoidea.— Tiie  larva  rcsemblea  thut  of  the  Opht< 
nroidea,  and,  like  it,  ie  called  ii  Pluletu.  In  it  ulao  the  uuU 
tti-ea  preponderatea  on  the  ventral  surface.  The  cili»t«l 
baud  IB  simple,  A  calcareous  skeleton  is  found  inuide  the 
hody  and  its  appendages  (E'i^s.  'i(H  and  212,  p.  440). 

The  derivation  of  tho  Echinoid  Pluteus  from  tb«  fand»- 
mental  form  is  nearly  the  same  aa  in  the  OphinraiiB,  and  is 
expluined  by  the  diagrams  of  Fig.  203.  The  nhape  of  the 
different  sea-nrchin  larvae  is  qnite  varied,  aceonling  to  th» 
j,'veiilt'r  or  less  develiijinieiit  <if  the   arms.      The   larvw   of 


Fia.  t03.-Kn}lutlonof  thi 
Rchtnoilerm  larva  (dta«nm  arier  J< 
Irvoloinr)-    Fnr  ronbET  pvtictiUTa  o 


Echinus  and  Spatamjus  may  be  distingaiilicd  aa  particolaHjr 
ehnracturistic  forms.  On  the  anal  area  of  the  fornwr,  after 
tlie  developmimt  uf  all  eight  prooesaeH,  the  so-callvd  dlialr4 
epaulettes  make  their  ap{)CBi'nnce  (Cig<  202  D).  Tbe«a  an 
two  pairs  of  ciliated  projections  of  tho  body,  which  li«  od 
i'ither  side  immediately  behind  the  ciliated  band,  but  iimlatcd 
from  it.  According  to  A.  Ahassiz,  they  should  be  intnrpretcd 
as  detached  parts  of  the  ciliat«d  band. 

The  larvoa  of  Spatangut  do  not  possess  tho  otliated  «paii* 
lettes,  but  have  throe  processes  on  tho  anal  atva  (t'ig.  Xu3 


I 


ECHINODEEUATJl  'i- 

E),  which  are  supported  by  calcareoiis  rodi,  like  the  othi 
processes  of  the  body.     Id  the  Pliileus  of  ATbaciii  there  a 
only  two  proc«B§eB  on  the  anal  area  (Fig,  20i),  but  they 
particularly  lonf^.     Farthormore, 
Pluteus-armp,  it  possesses  two  p 
(V\g.  204)  which,  like   the  arm 
Initiated  band  (Joh.  MOller,  F 


fntnre  aea- urchin  c 
of  this  larra. 


addition  to  the  ordinary 
■8  of  auricular  processes 
are  surrounded  by  the 
i).  A  pedicellaria  of  the 
1  already  bo  recognized  on  the  anal  area 


The  skeletal  parts  are  developed  very  earij  SB  products  ot  the  me- 
■ench;nia  (Sblesiu,  No.  53  ;  Ludhiq,  No.  34),  There  is  first  secreted 
between  two  cells  a  caloareouB  concretion,  which  soon  enlarges  and 
becomes  triradiate.  The  skeletogenoua  celts  then  migrate  along  their 
respective  rays,  gradaally  moving  farther  sway,  while  they  continue  to 
secrete  calcaieoas  salts.  In  this  way  finally  ariso  the  long  skeletal  rods, 
which  may  be  many  times  branched  and  perforated  like  a  network 
(Figs.  204  and  212,  p.  440). 

The  typical  larval  form  may  also  be  omitted  in  the  sfa- 
orchioB.    Thna  A.  Auassiz  (No.  4)  descnhes  a  viviparous 
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Bpatangoid,  Semiagter  autlralif,  the  eggs  of  which  develop 
within  the  ovary,  and  then  jiasH  into  a  land  of  l)rood>c«vttj', 
which  lies  over  the  ambnlaci'al  fnrrotr  and  is  formnt  of 
close-set  and  connivent  Kpiaes.  Here  the  yonng  ftoa-urchin» 
undergo  dii-ect  development. 

INTO 

The  nietamorphosJB  of  the  larva  into  the  Echinodcrm  t«ko« 
place  most  simply  ia  the  Halothurioidea,  and  therefore  we 

consider  this  gi-oap  Bi^t. 


Holothurioidea.— The  melamorphowiii  of  tho  .<«. 
iutu  tlic  Holothurian  in  manifeflted  in  the  eit«mal  afaKpa  uf 
the  larva  hy  tho  gmdnal  disappearance  of  it*  lobnUr  prw- 
cetiBes  and  the  alteration  of  the  ciliated  band,  which  brr>kA 
up  into  Heveral  pieces  (Kig.  205  A  and  B).  The  l»nc«r 
number  of  these  pieces  alter  their  positions  by  aoqt)iriit|C 
a  transverse  position  in  place  of  B  lonffitadinal  nne  (Fiff. 
205  B).  At  the  same  time  the  protuherances  of  tho  larval 
body  disappear,  and  it  assumes  more  of  a  cylindnc«t  form, 
whereby,  according  to  Seuon,  ita  circnmference  ta  Btrikitiitly 
diminished.      Finally  the    different   pieces  of    thv   oiUaUd 
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band  grow  together  into  five  rings,  which  surround  the 
larva  like  the  hoops  of  a  barrel  (Fig.  206).  This  is  the 
so-called  pupal  stage,  which  is  also  assumed  by  some  Holo- 
thurians  {e.g.  Gucumaria)  without  passing  through  the 
Auricularia  form.  This  stage  is  remarkable  owing  to  its 
resemblance  to  the  larva  of  Antedon,  with  which  it  has  in 
common  even  the  number  of  the  ciliated  rings. 

According  to  Sexon,  we  may  imagine  that  the  rearrangement  and  loss 
of  continuity  in  the  ciliated  band  are  the  result  of  the  migration  of  the 
band  together  with  the  adjacent  body  epithelium,  probably  in  con- 
sequence of  internal  processes  of  growth. 

In  the  metamorphosis  of  the  ciliated  band  we  have  not 
yet  considered  the  parts  lying  near  the  mouth,  which  do 
not  share  in  the  formation  of  the  external  ciliation  of  the 
pupal  stage.  Parts  of  the  longitudinal  and  transverse 
portions  of  the  ciliated  band  approach  very  close  to  the 
region  of  the  mouth-opening  (Fig.  205  A).  After  the 
breaking  up  of  the  ciliated  band,  four  parts  can  be  dis- 
tinguished, which  closely  surround  the  mouth,  and  finally 
form  a  continuous  ring  about  it.  They  gradually  move 
more  into  the  infundibular  depression  which  leads  to  the 
mouth -opening.  By  a  marked  narrowing  of  the  funnel 
they  come  to  lie  inside  the  larva,  and  are  employed  t-o 
clothe  the  tips  of  the  five  anteriorly  directed  evaginations 
of  the  hydrocoele  (therefore  for  the  formation  of  tentacles) 
(Fig.  205  B),  The  nerve  bands  have  moved  down  into  the 
funnel  even  before  the  parts  of  the  ciliated  band  have,  and 
are  to  a  certain  extent  forced  down  by  them  (Fig.  205  A, 
n),  for  the  nerve  bands  occupied  a  position  nearer  to  the 
mouth-opening  than  the  ciliated  bands.  Their  free  ends 
then  unite  at  the  bottom  of  the  funnel  and  there  form  the 
nerve-ring  of  the  Synapta  (Semon).  It  was  precisely  those 
four  parts  of  the  ciliated  band  that  moved  into  the  funnel 
which  were  united  to  the  nerve  bands  by  means  of  nerve 
fibres.  Probably  this  connection  is  retained  during  the 
metamorphosis,  and  as  soon  as  the  ciliated  band  has  covered 
the  five  tentacles  the  five  large  tentacular  nerves  are  es- 
tablished on  the  nerve-ring,  whereas  the  five  radial  nerves 
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do  not  bud  forth  from  it  until  later  (Semon).  The  parts  of 
the  nervoas  system,  which  at  first  lie  superficiallj,  are 
finally  overgrown  by  the  rest  of  the  ectoderm,  and  since 
mesenchyma  cells  crowd  in  over  them,  thej  come  to  lie  at  a 
still  greater  depth. 

The  ciliated  band,  which,  according  to  Semon,  encircles  the  moatb, 
changes  its  position  during  the  metamorphosis  of  the  larva  by  ooming  to 
lie  wholly  in  the  stomodieum.  Here  its  cells  are  said  to  spread  them- 
selves  out  on  the  wall  and  constitute  the  epithelium. 

Our  previous  account  of  the  internal  organization  of  the 
Holothurian  larva  was  confined  to  the  formation  of  the 
intestine,  the  two  enterocoelic  sacs,  which  extended  between 

the  intestine  and  the  bodj-wmll, 
and  the  hydrocoele.  We  saw 
the  latter  growing  around  the 
stomodasum  of  the  larva  as  a 
five-lobed  structure.  It  already 
represented  the  fundament  of 
the  water- vascular  ring  and  the 
five  tentacles  of  the  Holothurian. 
Five  secondary  evaginations  of 
the  water- vascular  ring  arine 
between  the  five  primary  ten- 
tacles, and  at  first  are  also 
directed  upwards  (Fig.  205  B). 
Later,  however,  five  of  the  ten 
evaginations  of  the  water-vas- 
cular ring  now  present  bend 
over  the  calcareous  arches  and 
grow  out  backwards  (Figs.  206 
and  207),  so  that  there  are  now  five  tentacles  and  five  radial 
vessels  (Semon).  The  question  now  arises  whether  it  is  the 
five  vessels  first  developed  (the  so-called  primary  tentacles) 
which  bend  over  backwards,  and  thus  correspond  to  the 
radial  vessels  of  other  Echinoderms — as  seems  most  natural, 
though  this  has  been  denied — or  whether  it  is  the  five  vessels 
of  the  second  group,  which  correspond  to  radial  vessels.  As 
to  the  homologies  of  the  ambulacral  vessels  in  the  different 


Fio.  206.  —  Pupal  sta^e  of  the 
larva  of  Synapta  digttala  (after 
Kkmon).  <d,  proctodffiiim ;  ent,  en- 
teroccele ;  m,  oral  f  annel ;  ir,  water- 
vascular  ring  with  evaginations 
forMrards  (tentacles  [(])  and  back- 
wanls  (radial  vessels  and  Polian 
vesicles  ( )»J). 
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diristona  oF  EchinodermB,  which  app&rentlj  §eem  to  be  ao 
clear,  the  opinions  of  authors  are  neverthelesB  at  variance 
(comp.  Skmon,  No.  55). 

[Through  Lodwio'h  (No.  XV.)  recent  invostlRations  ot  Cucumsria 
plonoi,  these  conditions  have  been  satisfactorily  elucidated.  The  five 
uiTBginations  ot  the  water. vascular  ring  Grat  farmed  really  produoe 
the  radial  vessels.  They  are,  it  is  true,  at  lirst  directed  rurnurJ,  but 
soon  bend  backward,  thus  marking  thu  radii.  The  tentacular  vessels 
do  not  arise  directly  from  the  ring-canttl,  but  branch  oCf  (rom  the  radial 
osoaU:  however,  every  radial  canal  does  not  give  rise  to  a  tentacular 
vessel,  the  latter  being  distributed  unsynunetricatly  to  three  radial 
canals  only. — K.; 


The  internal  condi- 
tions are  mnre  evident 
in  Fig.  207,  a  loiif^i- 
tudinal  section  of  the 
papal  stage  of  Cucii- 
maria  (after  Sele.mka). 
The  tentaeolar  evng-i- 
nations  are  aeon  cominu' 

vascnlar  ring'  forwainls. 
and  |>oateriorljr  those  of 
the  radial  vessels.  The 
Polian  vesicles  also  take 
their  origin  as  evagina- 
tions  of  the  water-vas' 
cularring.  In  the  ntage 
onder  consideration  the 
ring  is  still  in  connec- 
tion with  the  ontside 
world  by  means  of  the 
stone  canal  and  the 
dorsal  pore.  This  con- 
nection is  afterwards 
broken,  since  a  cluster 
of  meaench yma  eel  Is 
sabsequently  applies 
itself  to  the  stone  canal 
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at  about  the  middle  of  its  conree,  &nd  here  deposit*  ■  ■rmi- 
Iniiar  calcareous  ridge,  which  must  be  Inolced  npan  u  nor- 
I'esponding  to  the  madi-eporic  plate.  Where  it  rests  upon 
the  stone  canal,  the  latter  is  cut  through  by  a  constriction, 
and  one  half  henceforl.h  hongs  down  from  the  ring-ntnal 
free  in  the  body  cavity,  whereas  the  other  half  is  ^radnklly 
obliterated, 

Externally  the  pnpal  stage  now  approaohea  more  th* 
adult  Holothurian,  owing  to  the  fact  that  the  first  two  ft«t. 
the  deTolopment  of  which  is  to  be  traced  to  ovagiRstiona  of 
the  correnponding  radial  vessel,  make  their  appearance  on 
the  posterior  part  of  the  ventral  sarfaee  (I'*igs.  '2U7  Fanil 
208  f).  At  the  came  time  the  tenta<'leB  also  advance  in  their 
development.  We  saw  in  Stfuojild  that  a  part  of  the  ciliated 
band  moved  down  into  the  oral  fnunel  to  supply  the  ecto- 
dermal covering  of  the  tenttu^ulsr  vesHeli*,  which  onnaiHts 
partly  of  sensory  cells.  The  oml  funnel  then  cloned  to  an 
extremely  narrow  fissQre,  and  there  was  thus  foranl  a 
kind  of  vestibule  (comp.  the  corres|Minding  prociMaies  in  the 
development  of  the  vestibule  of  AnleJim,  p.  44*1).  The 
tentacles,  to  which  the  nerve-ring  is  Ktill  joined,  lir  in  tlio 
vestibule.  The  nerve-ring  lies  at  the  point  where  th*  calca- 
reous ring, — the  supporting  apparatus  of  the  ton taclea,  con- 
sisting at  first  of  five  and  later  of  ten  rods, — is  attached  to 
the  tentacjen.  When  the  tentacles  have  reached  the  Becea- 
sary  development,  they  are  extended  ont  through  the  fiaaai^ 
which  widens  again  (Fig.  208),  and  the  yonng  HolotbBraa 
now  mores  both  by  means  of  those  ciliated  baoda  which  alill 
remain,  and  by  means  of  adhexion  with  the  tcataelve  aod 
feet  when  the  latlerare  prvamt. 
In  Syiiapta,  aa  is  known,  the 
feet  are  not  developed,  even  tha 
radial  veHKela  degenetMJDg. 

The  shape  of  the  HolotfanriaB 
would  ihuH  be  atUined  if  tW 
young  animal  did  not  lack  the 
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strnctare.  Additional  tentacles  and  feet  are  developed  in 
the  same  way  as  those  which  we  have  already  learned  about, 
namely,  by  evaginations  of  the  parts  of  the  water- vascular 
system  already  formed.  The  ciliated  bands  are  said  by 
Semon  to  disappear  owing  to  their  cells  spreading  themselves 
out  over  the  entire  surface  of  the  larva,  and  substituting 
themselves  for  the  originally  flat  body  epithelium,  which  now 
makes  way  for  a  thick  epithelial  layer.  With  progressing 
growth  the  mouth  and  anus  of  the  larva  are  shifted  from 
the  more  ventral  position  toward  the  anterior  and  posterior 
ends  of  the  animal  respectively. 

Now  that  we  have  followed  the  Holothurian  larva  in  its  development 
as  far  as  the  young  animal,  there  remain  for  consideration  only  a  few 
important  internal  developmental  processes,  which  relate  to  the  deriva- 
tion of  the  middle  germ-layer.  As  we  were  obliged  in  the  previous 
description  to  take  into  consideration  various  forms,  so  are  we  under  the 
same  necessity  in  the  following  statements,  which  for  the  greater  part  we 
take  from  the  works  of  Selenka  and  Semon. 

Having  treated  of  the  origin  of  the  mesenchyma  cells  in  the  first 
division  of  the  chapter,  we  intentionally  left  the  subject  for  the  time 
being.  By  far  the  greater  part  of  these  cells  become  connective  tissue. 
Whereas  they  are  usually  applied  to  the  inner  surface  of  the  ectoderm  as 
isolated  cells,  they  are  accumulated  on  both  sides  of  the  proctodeum  in 
larger  groups,  which  give  rise  to  the  calcareous  spherules  and  calcareous 
wheels.  They  also  occur  in  large  numbers  in  the  region  of  the  stone 
canal  and  of  the  water-vascular  ring,  forming  in  one  place  the  well- 
known  calcareous  deposits  and  in  the  other  the  calcareous  ring  surround- 
ing the  GBSophagus.  The  mesenchyma  cells  give  rise  by  multiplication 
to  a  kind  of  cutis  under  the  entire  ectoderm  (Metschnikoff,  No.  87). 
Underneath  the  ciliated  band  they  form,  according  to  Semon,  groove-like 
sheaths,  which  probably  serve  as  supports  for  the  ciliary  apparatus. 
Fissures  in  the  mesenchyma  are  said  to  give  rise  to  the  blood-vessels  of 
the  Holothurian.  Thus  the  vessels  accompanying  the  intestine  first 
make  their  appearance  as  lacunar  spaces  in  the  mesenchyma  lying 
dorsad  and  ventrad  of  the  intestine.  The  blood  cells,  on  the  contrary, 
are  said  to  have  been  detached  from  the  walls  of  the  hydro-enteroccele 
and  to  have  taken  part  in  the  formation  of  these  vessels.  These  free 
cells,  which  are  found  in  the  body  cavity  as  well  as  in  the  ambulacral 
vessels  and  blood-vessels,  would  therefore,  according  to  this  view,  not 
arise  from  the  primitive  mesenchyma  (Semon). 

Of  all  the  musculature  only  that  of  the  stomodieum  originates  from 
the  mesenchyma.  It  persists,  being  carried  over  from  the  larva  to  the 
young  animal  (Selenka).     The  rest  of  the  musculature  arises  partly 
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from  tbe  vBter-TSacalar  srstem,  Ibe  epitbeliutn  ot  whioli  proJuoM  ui 
external  Isycr  of  contractile  coIIh.  According  to  Sii-enkx.  Uw  fire  poBvr- 
tul  longitudinal  muHolea  ot  Uie  Hololhurian  aruie  in  thiii  wmj  trom  tlu 
radial  ambulacral  TesseU.  Tllis.  however,  is  denied  bj  Hrkim.  Aoentid- 
ing  to  him.  the  circular  and  longitudinal  mtucle  iajen  ot  Uiv  bod}*«atl 
and  the  intestine  take  their  origin  (roni  the  cnteroeole.  lU  two  ma 
hkve  expanded  coniidernbl.v  and  applied  theniselvee  to  the  wall  at  ibe 
bodf  and  that  of  the  intentine  as  the  somatic  and  ■plaoohaic  laTM*. 
Lhus  giving  riw  to  the  muBculature  and  epithelial  lining  of  Um  bnlf 
carilj.  A  mesentery  ia  developed  on  the  dor«al  anil  anolbar  on  lb* 
ventral  aide  of  the  inlGstiiie.  While,  however,  the  ventral  one  ia  brtilim 
through,  and  the  Iwo  onlcrociBles  become  oonHuent  hero,  the  dona]  ona 
pemisla,  and  thus  throughout  lite  indicaloa  the  origin  ot  the  body  cailtj 
trom  two  eeparate  each,  as  well  as  the  biUlerst  plan  uf  the  body  in  gratnl. 

The  fundament  ot  the  nervous  system  has  alread.v  been  diacuaaad.  Aa 
regardti  the  development  of  the  geniUl  system,  anlhora  uo  not  kbU  to 
make  any  very  trustworthy  statements. 

[Tile  organogeny  ot  the  Hololburianshu  received  a  new 
n  Lniwin's  memoir  on  Cucamaria  planoi. — K.) 


As teroidea.^ Whereas  earlier  investigators  wero  inclinfd 
to  believe  that  the  starfish  ai-ose  as  a  bad,  so  to  spenk,  on  tb» 
larva,weknowto-day  that  even  here  there  is  a  metamorphoma 
of  the  larval  body  into  tliat  of  the  adult  aniiual.  It  is  true 
that  certain  modi li cations  make  their  appearance  ia  tki> 
L'nnnection,  for  the  body  of  the  Kchinoderni  is  at  fimt  eaL»b- 
H;«hed  in  only  a  comparatively  email  portiou  of  the  tarral 
body.  It  is  bnt  gradually  that  the  larger  part  of  the  iftrral 
body  is  employed  in  the  formation  of  the  stAr&tli.  In 
certain  cases,  it  is  trne,  this  latter  process  am^tna  to  be 
omitted,  and  the  Behinoderio  then  tftkes  its  oriipn  frotn  ooly 
one  part  of  the  b'jdy  of  the  larva.  In  the  latter  metlMd  of 
development  the  youn^  starfish  is  detached  from  the  body  of 
the  larva,  and  the  latter  is  said  to  b«  able  to  live  for  a  coo* 
siderahle  time  (Jon.  ML'm.ru,  KoRKN  et  DisiKL^Kx).  Snch 
a  condition  might  cause  the  process  to  be  looked  apoD  aa 
budding.  This  view,  however,  is  disproved  by  the  iii«(m- 
morphosis  of  the  entire  body  of  the  larva  in  other  atarftaltM, 
which  will  be  described  Inter. 

The  metamorphosis  of  Bipinnaria  or  Braehiolaria  into  tin 
starfish  has  been  stodied  most  exhaustively  by  A.  Aqtssit 
(No.  1)  and  MGTSCUNfKorr  (No.  37). 
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The  earliest  trace  of  the  starfish  ia  formed  in  the  posterior 
part  of  the  larval  body.  The  fire-rayed  f  andament  of  the 
water- raacnl AT  sjetem  lies  at  the  left  of  the  stomach  (Fif^. 
209  H),  while  on  the  i-ight  Bide  of  it  an  accamnlation  of 
mesenchyma  cells  takes  place,  in  which  the  first  skeletal 
parts  are  already  secreted  (Fig.  209  K).  The  ventral  or 
ambnlacral  aide  of  the  starfish  ia  indicated  by  the  water- 
rascalar  rosette,  and  the  dorsal  or  antambulacral  side  by 


Piea.  X»  and  JIO.— Bipixnar 


the  skeletal  stractnrea.  The  two  sides  are  established  inde- 
pendently. Even  at  a  very  early  period  the  five-rajed 
stmctare  of  the  starfish  can  be  recognized  in  them.  This 
is  indicated  on  the  ambniacral  anrface  by  the  fact  that  five 
folds  arise  in  the  larval  akin  immediately  over  the  radii  of 
the  water- vascnlar  rosette,  while  on  the  antambniacral  anr- 
face the  calcareous  rods  are  deposited  in  the  form  of  a 
pentagon.  On  both  sides  a  thickening  of  the  epidermis  is 
connected  with  the  differentiation  of  the  cutis-forming 
K,  B,  t.  r  F 
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mesencbjrma  cella  at  tbe  Rides  of  tbe  atomaob.  The  mm- 
preheDsion  of  this  proceas  is  rendered  more  diffic-nit  by  the 
fftot  that  the  anibulHcral  and  antnmbnlacrNl  surfaces  arc  not 
parallel,  but  nearly  at  ri^bt  anj^les  to  ew-h  other.  BetMre«n 
the  two  lies  the  cnpaoioua  stomocb.  In  t'ig.  209,  which, 
however,  corresponds  to  a  Bomewhitt  earlier  stage,  tbe  wat«t^ 
ToscQlsr  rosette  (i/)  is  seen  to  be  partly  cocervi)  by  tb«9 
Htomach,  whereas  this  in  turn  is  partly  norcred  by  the  fonda- 
racnt  of  the  antamhnlaeral  surfupe-  Tbe  latter  dsTalnpa 
further  in  such  a  way  that  fi-om  the  calcnreoDS  concrstioas 
a  number  of  plates  are  formed  (comp.  infra),  which  covvr 
a  penlagonal  area.  This  grows  out  then  into  liv«  prooMSe*. 
thus  eKtnblishtng  the  dorsal  surface  of  tbe  arms,  Dpon  which 
there  appear  wart-like  elevations,  from  which  lh«  spiii** 
arise  later. 

At  this  stage  tbe  starGsh  already  approaches  the  shape  of 
the  adult  animal,  at  least  as  far  as  ren^rds  itadonal  exlemal 
sarfaee,  and  is  seen  attached  to  tbe  lanra.  tbe  poalcrior 
end  of  which  it  has  quite  absorbed  (Fig.  '210). 
portion  ia  still  well  preserved.  Now,  howeTCr 
also  begins  here.  It  gradnally  shrinks,  its  sabalance  brinff 
consumed  by  the  phagocytic  meseiichyioa  cells,  nnderfpoin^ 
intracellular  digestion,  and  beinf^  doubtless  employed  in  tbe 
formation  of  the  new  body  (MKi^'iisiKotr.  No.  40).  At  the 
same  time  with  these  processes  th<*  sixe  of  the  stutBarh 
decreases,  as  a  result  of  which  the  two  snrfacvs  of  tbe  star- 
fish, which  were  separately  developed,  am  able  to  appmach 
each  other.  They  cover  each  other,  and  finally  fnae.  Tbe 
hitherto  unclosed  water- vascular  rosett«  grows  aroand  thv 
(psojihagua,  and  its  radii  elongate  to  form  the  anibnlMiral 
vessels,  which  in  their  turn  give  rise  to  tbe  fr«t.  In  this 
process  the  distal  end  of  the  vascDlar  fundament  bMVMBM 
the  so-called  tentacle,  but  tlie  feet  are  established  laterally 
in  pairs.  The  youngest  feet  are  always  fonml  next  to  tbe 
tentacle,  therefore  at  the  tip  of  the  arm.  whereas  the  iMeM 
are  crowded  towai-d  its  base.  Tbe  eye  makes  its  appearauwi 
as  an  accnmalationof  red  pigment  at  tbe  base  of  tbe  tentacle 
at  a  very  early  perioil. 

Even  before  this,  tliere  have  been  pradnoed  on  the  wnlaB- 
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balacral  surface  secretions  of  calcareous  salts,  which  at  first 
formed  delicate  rods  .and  subsequently  united  into  reticular 
plates.  Eleven  such  plates  can  soon  be  recognized,  a  central 
one  and  (arranged  about  it  in  a  circle)  two  rows  of  alter- 
nating plates,  the  fundaments  of  the  radial  and  interradial 
plates.  One  of  the  former,  which  at  first  lies  at  the  left  next 
to  the  dorsal  pore,  subsequently  grows  around  it,  and  thus 
becomes  the  madreporic  plate  (Ludwig).  According  to 
LuDWiO,  the  ambulacral  or  vertebral  plates  of  the  arms 
make  their  appearance  very  early  as  five  pairs  of  calcareous 
bodies  at  the  base  of  the  five  hydrocoele  pockets.  They 
therefore  have  even  now  the  position  which  they  retain 
afterwards,  namely,  on  the  outer  side  of  the  future  am- 
bulacral vessel.  The  other  skeletal  pieces  of  the  arm  are 
not  developed  until  later. 

The  question  now  is.  What  relation  does  the  larval  intes- 
tine have  to  the  newly  formed  starfish  ?     The  older  state- 
ments are   not   precise  on  this  point ;    for  this   reason  we 
adhere  to  the  recent  investigations  of  Ludwig  on  Asterina 
gibbosa,  a  form,  however,  which  is  developed  neither  from  a 
Bipinnaria  nor  from  a  Brachiolaria  (comp.  supra,  p.  421). 
Yet  in  this   species   the   two   surfaces  of   the   starfish  are 
established  independently,  and  afterwards  unite  as  described 
above.      From   this,    one  may  perhaps   conclude    that  the 
processes  in  question  resemble  those  in  the   typical  larva. 
In  Asterina  the  stomodaeum  of  the  larva  separates  from  the 
stomach  and   hangs   down*  from   the   larval   mouth   as   an 
internal  blind  rudiment.    For  a  time  the  intestine  is  without 
any  connection  with   the   outside  world.      The  permanent  • 
mouth  of  the  starfish  is  then  developed  by  an  outfoldiog  of 
the  stomach,  growing  out  toward  the  body- wall  and  finally 
breaking  through  to  the  outside  world.     The  stomach  itself 
is  transmitted    to   the   starfish.      It  subsequently    acquires 
five  outpocketings,  which  bifurcate  at  their  tips,  the  funda- 
ments of  the  five  pairs  of  intestinal  ca>ca.     The  larval  anus 
is  obliterated  even  before  the  union  of  the  intestine  with  the 
mouth  takes  place,  and  the  new  anus  does  not  arise  until 
after    the    formation    of    the   mouth-opening.      It    breaks 
through  at  the  niiargin  of  the  central  plate,  between  it  and 
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an  interradial  plate.  According  to  the  obsenration  of 
AoASSiz,  the  month  arises  bj  a  shortening  of  the  long 
oesophagns,  and  the  anns  persists. 

The  condition  of  the  dortal  pore  and  the  itone  canal,  as  described  by 
LuDwio  for  Asterina^  is  interesting.  In  this  form,  after  the  separation 
of  the  enteroccele  and  hydroccele,  a  canal  is  deTeloped  on  the  latter* 
which,  attached  to  the  water-vascular  rosette,  opens  into  the  enteroccBle 
quite  near  the  place  where  the  dorsal  pore  is  connected  with  the  eniero- 
coele.  This  is  the  stone  canal,  which  does  not  unite  with  the  dorsal 
pore  until  later.  Thus  there  is  a  stage  in  which  the  stone  canal  does 
not  open  directly  from  the  water-vascular  ring  to  the  outside  world,  but, 
on  the  contrary,  leads  into  the  body  cavity.  This,  however,  is  in  turn 
connected  with  the  outside  world  by  means  of  the  dorsal  pore.  Lmwio 
compares  this  condition  to  that  which  he  described  for  the  Crinoids  (Noa. 
30,  32).  In  them  the  water  penetrates  by  means  of  the  pores  in  the  cup 
(Kelchporen)  into  the  body  cavity,  to  be  taken  from  there  and  con- 
ducted into  the  water-vascular  ring  by  the  stone  canals,  of  which  there 
are  several  hanging  down  from  the  water-vascular  ring  into  the  body 
cavity. 

The  earliest  fundament  of  the  blood  va$rular  iyttem  arises,  according 
to  LuDWK),  at  the  place  where  the  intestine  grows  out  to  form  the  omo- 
phagus.  In  the  mesenchymatous  layer  lying  between  the  walls  of  the 
hydroccele,  the  enterocoele,  and  the  intestine,  there  is  formed  a  fissure* 
which  exhibits  a  lining  of  very  flat  cells.  This  is  the  fundament  of  the 
first  blood- vascular  ring.  The  structure  ordinarily  described  as  the 
central  plexus  of  the  blood-vascular  system  also  arises  as  a  fissure  next 
to  the  stone  canal  (comp.  General  C!onsiderations,  p.  456). 

The  nervous  system  of  Aiterina  is  first  established  in  the  form  of  a 
circular  epithelial  thickening,  which  surrounds  the  region  of  the  fatore 
mouth-opening.  Its  development  is  certainly  similar  to  that  of  the 
central  nervous  system  of  the  Holothurioidea,  with  which  we  are  already 
familiar. 

The  metamorphosis  of  those  starfish  larv»  which  differ  from  the  Bipin- 
naria-  and  Brachiolaria-forms,  as,  for  example,  thAt  of  Atterina  gibbom 
(Fig.  201,  p.  421),  is  likewise  accompanied  by  the  transmisaion  of  the 
greater  part  of  the  larval  organs  to  the  starfish  (Ludwio).  Only  the  moath 
and  anus  have  to  be  formed  anew,  and  the  larval  organ  suffers  degenera- 
tion, being  gradually  absorbed.  Here  also  the  starfish  arises  from  an 
ambulacral  and  an  antambulacral  fundament,  which  at  first  are  teparate. 
The  development  of  PUratter  militarii  seems  to  resemble  thiU  of 
Asterina  (Koren  et  Danielssen).  In  this  starfish,  however,  a  kind  of 
brooding  occurs  ;  a  membrane  stretches  out  over  the  spines  on  the 
of  the  animal,  forming  a  brood-chamber.  Into  this  the 
there  develop  into  the  larve  and  yonng  starfishes. 
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Ophiuroidea. — Altbongh  the  larvce  of  the  Ophiuroidea 
and   Asteroidea  are   so  different  in  shape,  their   metamor- 
phosis presents  a  certain  resemblance.     In  the  Platens  larva 
too  the  ambalacral  and  antambulacral  surfaces  are  begun 
separately,  and  only  after  their  subsequent  union  give  rise 
to  the  complete  star  (Joh.  Muller,  Metschnikoff).     In  the 
Pluteus  the  five-rayed  water-vascular  rosette,  which  opens 
to  the  outside  world  on  the  dorsal  side  of  the  larva,  lies 
vehtrad  of  the  oesophagus.     It  is  on  this  that  the  first  steps 
in  metamorphosis  are  manifested,  for  it  is  over  its  different 
radii  that  the  mesenchyma  and  contiguous  larval  skin  be- 
come thickened.     In  this  way  the  fundament  of  the  ambu- 
lacra!  surface  of   the  star  is  produced.     Each  of  the  five 
radii  of  the  rosette,  which  represent  the  future  ambulacral 
vessels,  produces  two  lateral  evaginations ;  thus  the  larvae 
acquire  the   fundaments  of   the  first  feet,  which  are  soon 
followed  by  a  second  and  a  third  pair,  etc.     While  these 
processes  are  taking  place  on  the  ventral  side  of  the  Pluteus, 
the   first   indications   of   the   antambulacral   sui*face  of  the 
Ophiuran  have  made  their  appearance  on  its  dorsal  surface, 
in  the  form  of  five  outgrowths  of  the  larval  skin.     They  are 
arranged  in  a  line,  so  that  three  of  them  lie  on  the  larger 
and  two  on  the   smaller   part  of   the  umbrella.     The   five 
skeletal  pieces  arise  in  them  as  products  of  the  mesenchyma 
cells.     Although  the  principal  parts  for  the  production  of 
the  star  are  now  present,  nevertheless  a  total  rearrange- 
ment must  take  place  to  accomplish  its   formation.     This 
begins  by  the  growth  of  the  heretofore  semicircular  water- 
vascular  rosette,  together  with  its  appendages,  around  the 
CBSophagus,  to   form   the   water- vascular  ring.      With   the 
-closure   of  the   ring,  the    two   vessels  which  at  first  were 
farthest  apart  naturally  have  come  to  lie  close  together,  and 
at  the  same  time  the  form  of  a  star  has  now  been  reached, 
first  on  the  ambulacral  surface.     This  is,  however,  not  the 
case  on  the  antambulacral  surface.     Here  also  the  dermal  out- 
growths (dorsal)  undergo  considerable  changes  in  position ; 
but  it  is  not  until  the  larval  appendages  begin  to  degenerate 
that  the  antambulacral  parts  cover  the  ambulacral,  and  thus 
complete   the   star.     The  internal  parts   of  the  larva — the 


enteroccolic  body  cavity,  the  intcBtine,  etc. — then  form  a  p«rt 
of  tlie  permanent  star ;  the  montli  is  §aiil  to  persist,  wbvrotw 
the  anus  disappeara.  Upon  the  completion  of  these  procrwoK 
which  resnll  in  the  eHtsbliiihment  of  the  penoanvnt  uliapa 
of  the  animal,  the  calcareous  skeleton  of  the  Fluleiu  di*in> 
tegratca.  The  rods  bfeak  up  into  pieces;  as  n  rvanll  of  thix, 
the  arms  collapse,  and  the  skeleton,  together  with  the  lami 
body,  appeai-s  finally  to  be  i-esorbed  by  the  yonng  Ophinrmn. 


Like  the  arma  ol  lh«  (tufinb. 
those  of  the  Oi)hiunin  gn>*  't  th> 
lip«,  vith  Ihi*  exMptkiR  ot  Ui* 
termiiikl  pico««.  whicb  o 
to  the  skuleUl  piMce  finl  Ii 
on  tho  donal  anrikoe.  ~ 
the  new  pieces  arc  in 
hrtvp«n  Iho  timninal  t*'*'**  *■■' 
the  Kdiooent  oiiif*.  Tb*  akaUU 
parts  thus  follow  a  la*  qoila 
similar  to  that  ot  thn  (mI.  Dip  ■!#- 
velopinKiil  ot  which  alwaini  takaa 
place  between  the  (lanuiiull  loi- 
tacle  and  the  pair  of  ttet  next  to 
it.  The  oripii  ot  the  aim-idBtaa 
is  inleraeting  ;  acoordioe  k>  Lri>«M 
(No.  M),  the;  ratalt  frotn  tha 
fuaiOD  ol  two  calcanona  plal^  Ij- 
ing  on  •iUiar  ait  oT  Ibo  Madiaii 
line  ol  the  artn. 


Echinoidea. — According  to  MeTHmxixorr's  deacriptiDn 
(No,  37),  a  difference  exists  between  the  in«tiiinorpho*ia  of 
the  Kohiuoidea  and  that  of  other  Echinodemu.  inaaniDch  ■• 
there  is  developed  an  invagination  of  the  larval  akin,  at  the 
bottom  of  which  the  earliest  fundament  of  the  body  of  tbr 
neu-archiu  makes  its  appearance.  Thaa  it  happntta  that 
the  earliest  fandanieiit  is  not  exposed,  but  is  corered  by  a 
fold  of  the  larval  flkin  as  though  by  an  amnion,  l^ince.  how- 
ever, the  larval  skin  here  t«o  becomes  directly  converted 
into  that  of  the  aca-nivhin.  this  difference  does  Dot  Itppvar 
to  DB  to  be  in  any  way  importaol. 

The  processes  of  the  metaraorpliosis  of  the  Plnlttu  into 


< 


ECHINODERHATA  439 

the  sea-archill  are  as  follows:  inside  the  Pluteusoi  Strongylo- 
centrotus  livxdus,  which  is  provided  with  four  arms,  we  find 
nearly  the  same  conditions  that  have  been  described  apropos 
of  the  development  of  the  enterocoele  and  hydrocoBle.  The 
enterocoelic  sacs  lie  to  the  right  and  left  of  the  stomach ;  the 
hjdroccele  lies  over  the  left  one  of  these,  and  has  the  form 
of  a  retort,  the  neck  of  which  opens  to  the  exterior  on  the 
back  of  the  larva,  somewhat  as  in  Figs.  212  and  213, 
figures  of  a  Spatangoid ;  the  conditions  in  these  forms  are, 
however,  somewhat  different,  as  will  be  mentioned  farther 
on.  Later,  when  the  Pluteus  has  become  six-armed,  an 
invagination  of  the  outer  skin  is  formed  over  the  hydrocoele 
(Fig.  212).  This  arises  from  a  thickening  of  the  epidermis, 
which  gradually  sinks  in  and  finally  i^sts  with  its  bottom 
upon  the  hydroccele.^  The  thickened  discoid  bottom  of  the 
dermal  invagination  is  the  earliest  fundament  of  the  lower 
(oral)  surface  of  the  body  of  the  sea-urchin  (called  "  Echinoid 
disc**  by  Joh.  MCller).  The  much  thinner  lateral  parts  of 
the  invagination  overlie  this  as  an  amnion-like  covering 
(Fig.  213).  The  opening  of  the  invagination  has  narrowed, 
but  persists,  whereas  in  the  Spatangoids  other  conditions 
subsequently  make  their  appearance  (comp.  infra).  The 
hydrocoele  now  grows  out  into  five  processes,  and  the 
Echinoid  disc  does  the  same,  by  developing  a  dermal  cover- 
ing over  each  of  the  five  hydrocoele  processes.  In  this  way 
the  first  five  feet  of  the  sea-urchin  arise.  They  extend  into 
the  cavity  of  the  invagination,  almost  filling  it. 

Daring  the  changes  described  in  the  region  oi^  the  Echinoid 
disc,  the  first  indications  of  the  dorsal  surface  of  the  sea- 
archin  also  become  noticeable.     Two  roundish  dermal  eleva- 

*■  Figures  which  Fewkes  (No.  13)  gives  of  the  developmental  stages  of 
Eehinaraehftius  parma  may  confirm  Metschnikoff's  description,  although 
this  cannot  be  gathered  from  the  text  of  the  work.  Likewise  it  seems  to 
us  from  the  figures  of  Colton  and  Oabman  (No.  11)  that  the  metamor- 
phosis of  Arbaeia  is  like  that  described  by  Metschnikoff  for  Ecfdnoid* 
and  Spatangoids,  A  cavity  appears  on  the  Pluteus^  in  which  the  first 
formed  feet  become  visible.  The  work  of  Colton  and  Oarman  was  un- 
fortunately not  accessible  to  us,  and  is  known  only  through  the  descrip- 
tion of  Bbooxs  (Handbook  of  Invertebrate  Zoology ,  Boston,  1882). 
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tiong  are  developed  on  the  umbrella  of  the  Platens,  one  on 
the  dorsal  sarface  and  one  on  the  anal  area.  Each  of  tfaew 
Hoon  assumes  a  trilobed  form,  and  they  prove  to  be  the  two 
first  pedicellaria  of  the  sea-nrchin.  Fig.  214  showa  this 
condition  in  another  sea-nrchin  {Arbacia  ptutulota).*  With 
the  progress  of  development  the  disc  continually  increaaea 


■  Spalangmd  Ptnlflu  (afMr  HnKRViEonl.  />. 
iolsitlrwi  £i.  iDvafpamUoD  ot  ths  Ivnl  (kin,  wbich  ka  PIr.  IIS  CDvm  i>.» 
hTdrocsIt  [U).  The  IftlUr  opeo«  lo  tlw  ciMHor  bj  meuu  of  tha  dun*l  pore.  U. 
bjjRHxrle;  P,donmlpor«^  Sk,  lunUtkelMocJ. 

in  circnnifci-ence,  and  at  the  same  time  the  opening  of  the 
inr<^;inHtio^  also  widens  again,  The  contractile  feet  are 
finally  extruded   through  the  latter,  and  are  now  seen  to 

'  [Very  thorough  and  Bcciirate  investigationa  of  these  [eAturn  ol  de- 
velopment have  recently  been  Dairied  on  bj  ThIiei.  (So.  XXIX.)  on 
Echinocyamus.  ft  (omi  in  which  the  hu-rftl  development  and  the  ineta- 
itioriihosifi  could  be  established  almoet  without  a  Rap.  Untortnnat«1j 
bin  tine  results  cannot  be  stated  here  in  brief  torm,  and  we  an  eompelM 
to  refet  to  the  original  paper. — K.] 


ECHiKODEBHATA 


441 


execute  tactile  moTcmentB.  At  thin  time  the  larval  skeleton 
begins  to  break  up,  and  the  a.rms  of  the  Flvtevi  degenerate 
as  a  result  of  this  (Fig  215).  The  body  thereby  assnmes 
nearly  the  form  of  a  hernisphere  with  the  disc  as  the  base. 
The  c ire D inference  of  the  disc  has  increased  more  and  more, 
and  correspondingly  the  opening  of  the  invagination  has 
also  become  enlarged.  The  amnion-like  envelope  meantime 
gradoally  diminishes  in  prominence ;  at  length  it  forme  only 
a  circular  fold,  surrounding  the  circumference  of  the  disc, 


and  finally  disappears.  Thns  the  amnion  neems  to  become 
directly  converted  into  the  skin  of  the  eea-nrchin,  and,  in 
fact,  would  seem  to  supply  that  part  of  the  skin  which  unites 
the  sole-like  ventral  surface  with  the  arched  back.  Fig. 
215  represents  a  young  sea-urchin  which  still  possesses,  in 
addition  to  the  feet,  some  of  the  Plutens  arms.  Its  feet  are 
already  employed  as  locomotor  organs.  In  Fig.  216  the 
young   sea-uixihiD    spines   are    already   seen    making    their 
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appearance  hj  the  side  of  the  pedicellBrie.  They  krUe  »a 
evaluations  of  the  skin  in  which  reticQlated  calckreona  rod* 
are  deposited.  The  first  of  the  doreal  plates  to  make  ita 
appearance  ia  the  central  one,  which  is  perforated  hj  the 
anns.  Other  plates  are  then  secreted  about  it,  in  a  spiral 
line,  t.e.  in  such  a  way  that  the  newly  arising  plates  crowd 
away  the  older  ones  from  the  anal  plate,  since  tkey  ara 
interpolated  between  it  and  the  older  platea  (Aoiasu). 


Fie.llt— ToangHa-nrcbla  UrtwSa  piHiliitala)  with  put*  of  lb*  PIdUu  larrm 
MUEhad  (atUr  Coltoh  iib  Oiiiu*,  from  Bioou'i  BatiMft}.  ■,  pwUall;  d» 
sraenud  knuotlb*  Flauuii  /,  fMli  81,  tplnn. 

The  internal  larval  orifaiiH  become  a  put  of  the  aea-urchui.  aliboofrfa 
a  new  rcsophagud  ia  said  to  be  developed,  which  ia  not  grown  aioond 
by  the  water- vasciiUr  rosette,  bnt  growi  through  the  previoiul;  formed 
water- vBscalar  ring  (Bcrv),— &  condition,  therefore,  somewhat  dilterent 
from  that  which  we  observed  in  the  developiDeDt  of  the  other  groapa  ot 
F.chinodiniu.  The  dorsal  pore  peraiete,  and  alao  it*  ooaDeetion  with  the 
water- vascular  ring  bj  means  of  the  stone  canal.  The  ontgrowlh  ol  tb* 
weter-vaecular  rosette  into  the  atnbulaeral  trunks  appears  to  take  place, 
according  to  Aoassiz.  in  the  same  way  as  in  the  starfisbea,  for  new  feet 
are  continual);  interpolated  between  the  terminal  loot  and  the  adjoining 
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In  the  meUmorphosiH  ot  the  Spalangoid  PliUeiu  into  the  seft-orcbin 
the  invagination  is  said  b;  MeTacHNUcorr  to  close.  At  the  bottom  ol  it 
the  esrlieEt  fnndament  ot  the  Bea-uichin  then  makes  its  appearance. 
Furthermore  the  "amnion"  is  said  to  becoma  detached  from  the  larval 
skin.  In  the  protrosion  ot  the  feet  the  amnion,  as  well  as  part  ot  the 
larval  skin,  woald  therefore  have  to  be  broken  through. 

Crinoidea. — We  left  the  larva  of  Antedon  rosarea  at  a 
stage  in  which  the  nearly  ovate  form  exhibited  nlight  curv- 
ing toward  the  ventral  side.  The  further  development  is 
eharaot«rized  hj  the  fact  that  the  larva  ahandons  its  free 
life  and  grows  into  an  attached  stalked  form.  It  therefore 
passes  through  a  stage  in  which  it  resembles  a  stalked 
Cricoid.     This  is  known  as  the  pentacrinoid  stage.     Traces 


of  this  stage  are  already  shown  in  the  free-swimming  larva 
through  the  fundaments  of  the  skeleton,  which  make  their 
appearance  in  the  mesench^matons  tissue  of  the  larva. 
They  are  first  seen  as  email  grannies,  which,  however,  soon 
enlai^e  into  triradial  aud  qnadiiradial  foi-me,  and  finally 
become  fenestrated  plates  (Fig.  217).  Two  rows  of  five 
plates  each  can  be  distinguished, — the  ortdia  and  basalia  con- 
stituting the  calyi,— and  a  piece  lying  below  these,  the  future 
terminal  plate  of  the  stem  (Figs.  217,  221,  aud  222.  p.  450). 
According  to  Buar,  it  is  this  plato  of  the  skeleton  which  first 
makes  its  appearance  deep  in  the  body  of  the  larva.    Inas- 


444  EMBRTOLOOI 

much  as  new  Begmeats  (the  stem-joints)  are  interpolnled 
between  it  and  the  baaalia,  it  moves ftu-ther  downward.  The 
Btem-joints  take  their  orifjin  at  the  base  of  the  calys.  The 
joungest,  therefore,  lie  next  to  this,  the  oldest,  on  the  other 
hand,  next  to  the  terminal  plate.  At  first  they  form  annalar 
plates,  bnt  soon  alter  their  shape  and  become  thick  segments 
h;  the  secretion  of  rod^like  calcoreons  concretions  ou  both 
their  enrfaces. 

Between    the    uppermost 
stem-joioU  and  the  b*salia 
My  lies  a  larger  skeletal  piece, 

I, .til  which  has   been  called   tho 

centrodorsal  plate  (Fig.  22^1 
'  r.'  cd,   p.   451).      It   forms   the 

important  foundation  of  the 
baaal  plate  of  the  calyx. 
According  to  Bcsr,  it  arises 
bj  the  union  of  several  skele- 
tal pieces.  For  three  sab- 
basal  plates  make  their  ap- 
pearance below  the  battdia ; 
these  at  length  fuse  with  one 
another  into  a  five-pointed 
star  and  finallj  nnit«  with 
the  uppermost  joint  of  the 
stem  to  form  the  ceotrodor- 
sal  plate.  This  condition  is 
itnpoi'tant,  because  certain 
foBsil  Crinoids  (Ichtht/ocri- 
ttoidm)  also  possess  thr«e 
Hub-baaal  plates  with  the 
same  arrangement. 

The  series  of  pUles  of  the  calTi  are  at  first  not  uranged  in  a  el(>*«d 
rinR,  bat  in  the  form  of  a  horseshoe,  the  open  aide  of  which  eonwpoDds 
to  the  position  of  (he  "  larval  mouth." 

Before  the  skeleton  attains  the  development  deacribed, 
the  larva  has  already  given  up  its  free  life.  After  about 
twelve  houis  of  swarming  it  attaches  itself  by  means  of  the 
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preoral  pit  (Fig.  217),  whirh  then  quickly  broadenH  into  an 
ftdhesive  diac.  At  this  stage  of  attachment  the  larva  lies 
with  its  entire  ventral  surface  on  the  object  to  which  it. 
attaches  itself.  At  first  it  still  posseases  its  typical  ciliation, 
bat  that  is  boud  lost.  At  the  same  time  its  shape  changes, 
the  anterior  end,  with  which  the  larva  attaches  itself  and 
which  subsequently  ^ovts  out  into  the  stem,  diminishing  in 
size  and  the  opposite  end  becoming  broader.  The  club- 
shaped  larva  now  rises  from  its  support,  to  which  only  the 
small  end  remains  united.  Accordingly  we  now  designate 
the  club-shaped  portion,  which  becomes  the  calyx,  as  the 
upper  part,  the  nari^wed  portion  as  the  lower  part,  of  the 
larva  (Fig.  218). 


The  roost  important  change  which  takes  place  in  the 
larva  after  this  metamorphosis  of  its  eitemal  shape  affects 
its  ventral  surface.  The  wide  pit  which  is  found  theiv,  and 
which  is  called  the  larval  mouth,  becomes  obliterated  daring 
the  attachment  of  the  larva,  but  a  new  invagination  of  the 
ectoderm  takes  place  at  the  same  spot,  which  is  deeper  than 
the  pre-existing  one.  Here  also,  as  in  the  region  of  the 
"larval  mouth,"  the  ectoderm  is  greatly  thickened  (Fig. 
218  J).  The  iov^ination  soon  enters  into  relationships 
with  the  internal  organs,  for  its  upper  margin  extends  out 
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toward  the  upper  pole  of  the  larva,  and  thas  the  floor  of  the 
pit  comes  to  lie  over  against  the  internal  organs  (Fig.  218  B), 
At  the  same  time  the  opening  of  the  invagination  narrows, 
and  is  finally  entirely  closed  and  [the  invaginated  layer] 
detached.  In  this  way  the  invaginated  part  of  the  ectoderm 
comes  to  lie  inside  as  a  closed  sac,  and  since  it  follows  still 
more  the  tendency  existing  from  the  beginning,  it  moven 
quite  to  the  upper  end  of  the  larva  (Fig.  218  C).  This  sac 
subsequently  changes  in  such  a  way  that  its  floor  overlies 
the  evaginations  of  the  water- vascular  system  (tentacular 
vessels),  and  its  roof  unites  with  the  mesenchyma  and  the 
outer  ectodermal  lamella  to  form  the  roof  of  the  vestibole 
(Figs.  219  and  220) — the  chamber  on  the  floor  of  which  the 
mouth  sabseqaently  arises,  and  the  roof  of  which  disappears 
to  set  free  the  tentacles.  However,  before  the  beginning  of 
these  processes,  which  bring  the  larva  nearer  to  its  per- 
manent shape,  important  changes  take  place  in  the  internal 
organs. 


Just  as  the  Antedon  larva,  with  its  five  ciliated  rings,  recalls  the 
like  shape  of  the  Holothurian  larva,  so,  too,  the  development  of  the 
vestibule  and  the  investment  of  the  tentacles  by  its  floor  show  a  certain 
resemblance  to  the  formation  in  the  Holothurian  larva  of  the  veetibnle 
in  which  the  tentacles  lie  (comp.  p.  427).  Here,  as  there,  it  is  a  de- 
pression of  the  ectoderm  which  forms  the  vestibule  and  supplies  the 
external  covering  of  the  tentacular  vessels.  In  both  cases  the  process 
takes  place  in  the  region  of  the  mouth,  which,  however,  exhihiu  a 
di£ferent  position  in  regard  to  the  ciliated  rings. 

We  left  the  internal  organs  at  a  stage  of  development  at 
which  the  two  enterocoeles  and  the  hydrocoole  lay  at  the 
side  of  the  saccular  intestine.  The  latter,  which  at  first  lies 
ventrad  of  the  intestine,  moves,  with  the  metamorphosis  of 
the  larva  into  the  pentacrinoid  form,  to  a  position  over  the 
intestinal  sac  (Figs.  218  and  219),  and  grows  out  into  the 
shape  of  a  horseshoe,  its  two  arms  finally  uniting  into  a  ring. 
At  the  same  time  there  are  formed  five  upward  evaginations, 
which  are  covered  over  by  the  ectodermal  cell-layer  which 
forms  the  floor  of  the  vestibule  (Figs.  218  C  and  210).  The 
prolongation  of  the  hydrocoele,  which  was  recognisable  even 
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at  the  time  of  its  eat&bUshment,  has  in  the  meantime  elon- 
gated as  far  as  the  outer  bodj-wall  and  fased  with  it  (Fig- 
219),  forming  in  this  way  the  stone  canal  (Babroib).  Am  in 
the  other  Bchinoderms,  bo  also  in  the  Crinoidii,  at  least  while 
thejr  are  joang,  a  commanication  exints  between  the  water- 
vascular  8j8t«m  and  the  ontside  world;  this  fact  was  eetab* 
lished  by  Pekkieb  and  confirmed  by  Babbois. 

Ai  u  well  knomi,  k  large  nomber  of  stone  caiuili  li«.n(png  down  into 
the  body  caritj  occur  in  the  adult  Crinoids.  Lmtvio  (No.  32)  had 
already  shown  that  in  the  pcnta- 
crinoid  stage  of  the  Antedon  larra 
at  first  only  ow  atone  eansi  ia  pre- 
aeoti  but  fae  belicTed  that  this 
also,  arising  from  Ae  water-vas- 
enlar  ring,  ended  free  in  the  bod; 
OBTJty,  whence  it  took  op  into  it 
the  water  which  entered  throogh 
a  pore  in  the  body-wall.  This 
Tiew  corresponds  nearly  to  that 
which  was  defended  npon  embryo- 
logical  gnmnda  by  Bear.  Ac- 
oording  to  him.  the  tree  proceu 
of  the  tnndaipent  of  the  hydro- 
Mele,  which  was  ooDsidered  by 
Bahboib  as  a  Hodib  canal,  is  rather 
a  third  ecelomic  m«-  This  en- 
larges, ooma  into  oonnectirai  with 
the  body-wall  by  meaa*  of  a  pro- 
oeoB  (parietal  canal;,  sod  thus 
open*    to   the    ooteide    world    by 


It  is  only  seeoDdarilj   then  that 
the    hydroeale.    by    tneans  of    a 


J>IWnknB(atMracBn*b7p>uii 
U.  ioussiB*;  Im,  ■ebaBbolaerB). 
KR  of  tb*  budy  csTily ; 


of  the  body  earitT.    The  deMtip-      'J^^'* 

tjon  of  lbe«  MDdhions  ooineidM     J^^^'  ;;:ZZZL  i^,.V^'CZ. 

with   that    gint>    by   LcvarK    for      unW-  niihi  mui  lb*  Mn<w  -rmrtsf 

Atleriam,  where  the  stone    canal 

alio  opens  into  the  efuaoeoik.  and  tt  tt/mnnMA  with  ib«  iunki  jiorc 

only  by  means  of  this  icomp.  nfir*.   p.  Vlfn.     Aowiditi;r  ^,  f'cutica, 

the  pete  detcribed  hj  hvwi.  ^riixh  li«  in  '*n*  'A  th«  wal  piatM.  f>it- 

nftpoais  to  tbe  cnemsl  opnin*  U  the  mod«  <ajuJ.    Tht  xtutM  «ana] 

is  said  to  be  eaaily  cepaiatcd  (ran  the  i«*c  in  iintt/Mag.  and  th«a>  LaM^ 

from  the  watcr-Tascolat  nn«  free  in  the  iniij  earrty. 
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In  later  stages  of  the  larva  still  other  canals  are  developed  as  evaginm- 
tions  of  the  water-vascalar  ring  and  the  p^ritoneom  which  covers  it. 
They  grow  out  toward  the  body- wall  and  unite  with  it.  At  the  tiina 
when  the  larva  detaches  itself,  five  such  canals  are  present,  all  of  which 
communicate  with  the  outside  world.  Afterwards,  however,  the  forma- 
tion of  the  evaginations  and  the  pores  of  the  cup  is  said  no  longer  to 
take  place  simultaneously,  so  that  the  former  may  multiply  independently 
of  the  latter,  and  vice  ver»&, '  Thus  a  condition  would  arise  such  as  was 
described  by  Lcdwio,— cup-pores  leading  to  the  interior,  and  free  appen- 
dages of  the  water- vascular  ring  opening  into  the  body  cavity.  The  canal 
which  was  first  formed  attains  an  extraordinary  development,  and 
Pebrieb  regards  it  alone  as  homologous  to  the  stone  canal  of  other 
Echinoderms,  those  formed  later  being  of  a  secondary  nature. 

The  conditions  of  the  body  cavity  of  the  Antedon  larva  are 
complicated.  The  two  coelomic  sacs,  which  at  first  lie  at 
the  right  and  left  of  the  intestine,  sabsequentlj,  when  the 
larva  passes  into  the  pentacrinoid  stage,  arrange  themselves 
above  and  below  the  intestine  (Figs.  218  and  219).  Perrikr 
designates  the  parts  of  the  body  cavity  as  the  subambulacral 
and  visceral  portions.  Where  the  two  come  together  there 
is  produced  a  mesentery,  extending  transversely  across  the 
body  (Figs.  219  and  220).  Furthermore,  according  to  Bcrt, 
two  longitudinal  mesenteries  are  formed,  owing  to  the  fact« 
that  the  two  coelomic  sacs  are  (in  cross-section)  nearly 
horseshoe-shaped,  and  that  the  two  arms  of  each  sac  grow 
out  toward  each  other.  In  each  case  they  meet  in  a  longi- 
tudinal mesentery,  the  one  belonging  to  the  upper  entero- 
coele  lying  in  the  anal  radius  and  that  of  the  lower  (viaceral) 
enterocoele  in  the  preceding  radius  (reckoned  according  to 
the  course  of  the  intestine).  As  the  coelomic  sacs  enlanr^ 
they  ftpply  themselves  to  the  intestine  and  water-vascalar 
ring  as  the  splanchnic  layer,  and  to  the  mesenchymatona 
tissue  of  the  body-wall  as  the  somatic  layer.  The  aborml 
body  cavity,  as  was  pointed  out  by  Goettb,  sends  a  process 
into  the  narrow  posterior  part  of  the  larval  body  (Fig.  220). 
According  to  Perkier,  this  process  consists  of  both  layers  of 
the  mesoderm  (Fig.  219),  and  Goette's  conjecture  is  con* 
firmed,  viz.  that  the  chambered  organ,  which  in  the  adult 
animal  lies  within  the  centrodorsal  plate  as  an  importio&t 
part  of  the  blood-vascular  system,  arises  from  this  posterior 
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proceBB  of  the  bod;  cavitjr.    We  shall  revert;  to  this  part  of 
the  body  cavity  and  its  derivatiTeg  later. 

An  entirely  clear  inaight  into  the  straotnnl  eouditions  of  the  bodj 
uvitf ,  wbioli  ue  obvioasty  difficult  to  follow,  cannot  be  guned  trom  the 
tnthon'  Btatementg  (Oorrn,  Pbbkibii,  Bibbois,  Bobi),  uiiee  the;  do  not 
agree.  Tlie  older  statement  of  Ooktti,  according  to  which  the  body 
cavity  aleo  takes  part  in  the  formation  of  the  veetibnle,  appears  in 
another  light  sinoe  the  descriptions  which  Bibbots  and  Bdbt  give  ot 


Fis.  no.— Lon^tadinal  wetion  thraajththa  onpof  an  Jxltdon  1mm,  tlievMU- 
bole  of  whfoh  U  itill  oloMd  (alter  Qowm,  from  Biltodi'i  CarnpaTalivi  EnJ>niii- 
len)-  KM,  dspreulon  it  tha  Tsnlbnlar  aplttaallam  to  form  the  monUi  (ii>]i  ol,  InMatlnal 
eual ;  an,  reglaD  ot  Uw  anua ;  tp.  labambnlacnil  body  otIC;  ;  tp',  Taatibnle  i  m, 

bod;  earlty  uid  ita  prolongUloD  (rp')  inW  the  alalk  of  tha  lam ;  t,  teaUola  g  wr, 
wawr-TUoaUr  ring. 

this  process.  According  to  theee  anthora,  the  lining  of  the  vestibule 
is  not  mesodermal,  but  cctodennal.  The  penetration  of  an  enteroocelic 
diverticolom  into  the  stem,  observed  by  GoEmD,  Pebhieh,  and  Bdbt,  ia 
denied  by  Bibbou.  According  to  him,  these  axial  stracturea  arise  rather 
by  an  aeeamulation  ot  mesenchyma  cells.  On  the  other  hand,  according 
to  BiBBOia,  a  proceai  ot  the  eubambalacral  body  cavity  penetrates  aiially 
toward  the  atem.  Bdbi'b  contention  that,  in  addition  to  the  right  and 
K.H.  E.  a  o 
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left  portions  ot  the  bod;  Okvity,  than  ii  developed  itill  >  tbird  pkrt,  m» 
tXieaij  mentioned  in  ooneideiuig  the  h;droc<Bla  fcorap.  p.  US). 


Fioi.  131  (uid  Ut>.— Psnucrinoid  l>m<0  » 
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(eomp.  Fig.  IIT,  p.  M 
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Hitherto  we  Have  learned  of  tbe  intestinal  oanal  of  the 
Antedon  larva  only  as  a  closed  sac.  The  mouth  and  oeso- 
phagus do  not  arise  until  the  formation — on  the  floor  of  the 
vestibule  in  the  middle  of  the 
water-yascularring — of  a  depression, 
which  fuses  with  the  intestine  (Fig. 
220  m).  The  intestine  therefore 
does  not  even  yet  open  directly  to 
the  outside  world,  but  into  the 
vestibule.  Its  interior  at  this  time 
is  not  empty,  bat  filled  with  cells 
(Burt)  or  with  a  kind  of  nutritive 
yolk  (Barrois).  The  entodermal 
mass  elongates  backwards  (basal- 
wards)  to  form  the  intestine,  and 
winds  spirally  aboat  the  axial  part 
of  the  body  cavity.  Its  end  then 
moves  in  the  transverse  mesentery, 
at  about  the  height  of  the  upper 
margin  of  the  basal  plates,  np  to 
the  body- wall  (Fig.  220),  with 
which  it  fuses,  subsequently  break- 
ing through  to  the  exterior.  The 
anns  comes  to  lie  in  the  vicinity  of 
the  water-vascular  pore.  Subse- 
quently it  is  shifted  to  its  final  po- 
sition on  the  ventral  wall  of  the  cup. 
As  in  the  rest  of  the  Echinoderms, 
the  anus  seems  to  have  no  direct 
relation  to  the  blastopore. 

Having  considered  the  internal 
developmental  processes,  we  turn 
again  to  the  external  shape  of  the 
larva,  which  in  the  meanwhile  has 
essentially  changed.  These  changes 
are  partly  due  to  the  metamorpho- 
sis of  the  hydrocoele.  Each  of  the 
five  primary  tentacles,  which  we  have  already  seen  to  be 
an  evagination  of  the  water-vascular  ring,  splits  into  three 


Fio.  228.— Diagram  of  a 
pentacrinoid  larra  of  Antedon 
ro$ac$a  (after  Taoiisoir,  from 
BA.rrouB*8  Comparative  Em- 
bryology), ed,  centrodorsal 
plate ;  or,  oralia ;  4,  radialia ; 
S,  baoalia;  1,  terminal  plata. 
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parts,  BO  that  fifteen  tentacles  can  now  be  reoo^iinl. 
By  the  addition  of  two  new  tentacle -bads  to  each  of  tha 
five^'oaps,  the  namberof  tentacles  soon  increaaea  to  twmtj- 
fire,  arranged  in  five  radial  gronps.  The  tentsclen  (f  ip.  ^9 
and  220  t)  project  into  the  reatibnle,  the  roof  of  which  i» 
Btretched  ont  between  the  upper  marina  of  the  oralia. 
This  roof  IB  at  first  thick,  bnt  gradaallj  hecominft  thinner 
(Fig.  220  r),  finally  disappearB  entirely.  The  gradn»l  db- 
appeai-ance  of  the  roof  ia  partly  a  result  of  growth,  partly 
brought  abodt  by  hiatolytio  prot.-eBBea.  Acoordinjf  U>  Bibt. 
snch  proccaees  cun  also  be  reco^teed  on  the  rest  of  iIm 
larval  body,  and  caoBe  a  disappeurance  of  the  liistoloftic^l 
differentiation.  Probably  migratory  cells  make  tb«ir  »pp«ar- 
ance  in  this  connection  as  phagvct/le«. 

After  the  disappearance  of  the  roof  of  the  vealibato,  Ul» 
tentacles,  on  which  papilln  sabseqnently  bud  forth,  project 
free  to  the  exterior  (Fig.  221  C).  The  uuder-part  of  lb« 
larva  hafl  elongated  into  the  stalk,  and  it  now  reMta  with  iU 
terminal  plate  on  some  support.  The  fnndamenM  ol  tk« 
arms  bud  forth  on  the  upper  part  of  the  cap  >a  fiv«  pro- 
jections (Fig.  221  C).  The  tips  soon  split  into  two  bnumlwa 
oorrcB ponding  to  the  permanent  forking  of  the  antM.  Odd 
of  the  radial  tentacles,  each  of  which  has  likewise  split  into 
two,  anit«s  with  the  fundatnont  of  each  of  the  arms.  Snr- 
ronnded  by  this,  it  grows  ont  with  it  and  becomes  the  Mnbs- 
lacral  canal  of  the  arm.  By  means  of  latcntl  bodding  it 
gives  rise  to  the  tent.acleB  of  tbe  arm.  The  tentacle  which 
ia  timi  formed  always  remains  at  the  tip  of  the  arm.  Tbe 
new  tentacles  arise  at  its  base  in  groups  of  three.  The  mode 
of  formation  of  the  tentacles  is  therefore  similar  to  ihu  al 
the  ambntacral  feetof  other  Kchinodernis.  The  development 
of  the  pinnules  is  the  result  of  a  forking  of  the  arms,  wtiiclt 
occum  alternately  to  the  right  and  to  the  left  (W.Carfkxtsb, 
Perrieb).  This  explains  the  att«niating  poaition  of  tite 
pinnules. 

Important  changes  have  taken  place  in  the  skeleton  at  the 
larva.  Between  the  basal  and  oral  plates,  alternating  with 
tbe  latter,  five  new  skeletal  pieces,  the  radialia,  h«Te  tiuA» 
their  appearance  (Fig.  223,  ) ;  these  become  grotly  enlargied, 
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and  Berve  for  the  Bupport  of  the  armB  (Fig.  224  Ti-rjn). 
Through  the  vigorous  growth  of  the  radial  pieces,  to  each 
one  of  which  two  other  plates  are  added,  the  oral  plates 
are  crowded  on  to  the  oral  sui'face,  where  they  finally 
Doder^o  resorption.  lu  other  Grinoids  (e.g.,  Bhiiocrinui), 
on  the  contrary,  the  oralia  are  said  to  persist  throughout 
life.  Another  change  has  taken  place  at  the  base  of  the 
cap:  the  centrodovBul  plate  has  gradually  overgrown  the 
baialia  and  the  lower  radialia,  so  that  nothing  more  remains 
visible  of  the  chief  pieces  of  the  original  cup.  The  basatia 
havefused  into  an  anpaired  piece,  the  so-called  rosette.     The 
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stem  of  the  pentacrinoid  stage  now  also  degenerates.  In 
place  of  it  there  are  developed  from  the  ceDti'odorsal  plate 
(according  to  Pebkieb  as  evaginattons  of  the  chamhered 
oi^n)  at  first  five  and  later  additional  cirri,  by  means  of 
which  the  young  Rbiiiocnnus  attaches  itself  (Fig.  224  cr). 
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Some  internal  developmental  processes  still  remain  for  as  to  consider, 
in  which,  however,  we  most  confine  oorselves  to  the  fundaments  of  the 
chief  systems  of  organs. 

We  saw  that  the  hody  cavity  of  the  young  larva  consists  of  two  separate 
spaces,  namely  the  subambulacral  and  the  visceral  body  cavitiee  (Figs. 
219  Lt  and  Lv  and  220  Zp  and  rp).  In  the  development  of  the  arms 
these  two  spaces  are  continued  into  them  and  give  rise  to  their  ventral 
and  dorsal  canals  (Perrier).  l^e  separation  of  the  body  cavity  into 
these  primitive  spaces  does  not,  however,  persist  long.  The  mesentery 
lying  between  the  subambulacral  and  visceral  body  cavities  partly  dis- 
appears, and  the  two  thus  coalesce.  On  the  other  hand,  a  membrane, 
which  marks  oS  a  central  space  (Fig.  224  ax) — lying  approximately  in 
the  perpendicular  axis  of  the  body — from  the  rest  of  the  body,  makes 
its  appearance  as  a  new  structure.  Another  such  boundary  is  developed 
in  the  periphery  of  the  intestine  (Fig.  224  il) ;  it  is  called  the  visceral  sac. 
The  part  of  the  body  cavity  lying  external  to  it  is  called  by  Lupwio  the 
circumvisceral,  the  inner  part,  on  the  other  hand,  the  intervisoeral,  body 
cavity*  (Fig.  224  cl  and  i7).  Enclosed  in  the  latter  lies  the  axial  cavity 
(ax)  already  mentioned.  After  the  disappearance  of  the  primary  mesen- 
teries and  the  development  of  these  spaces,  the  ventral  canal  of  the  arm 
coalesces  with  the  axial,  and  the  dorsal  cavity  with  the  circumvisceral 
cavity  (Fig.  224). 

The  genital  canal,  which  encloses  the  genital  cavity,  extends  in  the 
arms  between  the  dorsal  and  ventral  canals  (Fig.  224  y).  These  structures 
also  take  their  origin  from  the  disc.  According  to  Perbieb,  the  genital 
apparatus  is  established  at  an  early  period,  even  before  the  pentacrinoid 
stage  is  reached.  It  then  consists  of  a  thickening  of  the  splanchnic  layer 
of  the  visceral  body  cavity  and  occupies  an  axial  position  in  the  lower 
part  of  the  cup.  It  remains  here  for  a  while,  and  so  changes  as  to 
acquire  a  racemose  appearance  and,  within,  a  cavity.  After  the  develop- 
ment of  the  arms  has  taken  place,  it  splits  at  the  tip  and  sends  a  branch 
into  each  arm.  This  mode  of  origin  of  the  genital  apparatus  agrees  with 
the  recent  description  of  Hamann  (No.  21),  according  to  whom  there  is 
in  other  Echinoderms  also  a  central  part  of  the  genital  apparatus,  from 
which  branches  go  oS  to  the  different  radii.  The  additional  branching 
of  the  genital  tubes  to  the  pinnules  in  the  Crinoids  is  then  homologous 
with  the  development  of  the  genital  sacs  of  other  Echinoderms. 

As  regards  the  blood- vascular  system,  we  have  already  learned  that 
the  chambered  organ  lying  in  the  centrodorsal  piece  takes  its  origin  from 
the  outer  enterocwlic  lamella,  which  penetrates  into  the  larval  stalk 
(Pehrier).    This  splits  into  five  cords,  which  acquire  cavities  and  then 

'  The  presence  of  separate  spaces  of  the  body  cavity  is  not  admitted 
by  Hamann  (Histologie  der  Crinoiden,  Jena,  1889).  We  have  followed  the 
statements  of  Ludwio,  and  as  regards  embryologioal  queatkms  have 
adhered  to  those  of  Perrier. 
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fonn  the  five  chambers  of  the  organ.  By  means  of  an  invagination  each 
chamber  gives  rise  to  one  of  the  five  primary  cirri.  The  dorsal  organ 
(Fig.  224  do)  is  miited  with  the  chambered  organ,  in  which,  as  in  the 
latter,  one  is  inclined  to  see  the  central  organ  of  the  blood-vascular 
system  (Ludwio).'  According  to  Pebrieb,  the  dorsal  organ  is  composed 
of  the  genital  fundament  previously  mentioned  and  a  vascular  plexus. 
The  latter  would  also  take  its  origin  from  the  inner  enterocoelic  lamella 
of  the  visceral  body  cavity.  A  coalescence  of  the  genital  canals  of  the 
arms  in  the  dorsal  organ  was  conjec^ed  even  by  W.  B.  Carpenter  and 
by  LuDWio.  A  number  of  other  vascular  plexuses  are  distinguished  by 
Perrier,  and  their  development  described.  They  are  said  to  be  directly 
connected  with  the  ambulacral  system.  Inasmuch  as  portions  of  the 
body  cavity  also  communicate  with  the  so-called  blood-vessels,  the  circu- 
lation is  said  to  be  general. 

The  views  on  the  development  of  the  nervous  system  are  not  yet  clear 
enough  to  admit  of  a  brief  description.  When  Perrier  derives  parts  of 
the  nervous  system  from  mesenchymatous  elements,  he  is  in  opposition 


Fia.  225.— LtncLta  multifora  (after  P.  uiro  F.  Bjisasik). 

to  the  prevailing  views.  [To  supplement  what  is  stated  here,  reference  is 
made  to  the  work  of  Seelioer  (No.  XXVI.),  which  gives  a  very  thorough 
account  of  the  embryology  of  CJomatula. — K.] 

Regeneration  and  Division.— Starfishes  possess  to  a  high  degree 
the  power  of  replacing  lost  arms.  Single  arms,  which  have  become 
detached  from  the  disc,  are  again  made  good ;  in  fact,  a  detached  arm  is 
able  to  develop  an  entirely  new  disc  with  the  normal  number  of  arms. 
The  so-called  comet  form  of  the  starfish  (von  Martens,  Haeckel)  is  due 
to  the  newly  formed  parts,  which  at  first  are  relatively  small,  being 
appended,  as  it  were,  to  the  large  arm.  The  mere  replacement  of  lost 
parts  seems  here  to  merge  into  a  reproduction  by  division.  Such  really 
takes  place  in  those  forms  in  which  the  disc  constricts  spontaneously 

>  In  the  recent  work  of  Hamann  mentioned  in  the  preceding  note,  the 
connection  of  the  dorsal  organ  with  the  chambered  organ  is  denied,  and 
likewise  the  important  relation  of  the  former  to  the  blood- vascular  system 
is  regarded  as  being  without  evidence. 
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through  the  middle  itnd  produces  two  pvU.  which  •gkio  grow  into  new 
individualB  (Kowu.etski,  Siuhdth).  Etch  part  moquim  ft  new  moatli 
and  the  complete  organization  ol  the  normal  animal.  A  diviaion  of  Ibu 
kind,  Buch  as  is  (ound,  for  eiample.  in  AileracaHlhion  UitHupirmt  ttwl 
Ophiactit  vireni,  ma;  be  called  MchUogoHg. 

An  intereating  tonn  □(  regeneration,  which  can  scarcely  ba  called  b7 
that  oanie,  since  it  transcends  the  meanin);  ol  that  word  and  appt—i  m> 
approach  non-sexual  reproductioD,  u  deacribed  bj  P.  cmu  F.  Skuani 
(Ko,  40).  The;  saw  new  arms  budding  forth  an  the  stump  ol  an  ann  «( 
Linckia  multifora  in  such  a  nB}  as  to  »eeni  to  tornt  a  new  *tai.  whudi 
remained  attached  to  the  slump  ol  the  arm  (Fig.  32S).  P.  Dm  P.  "Tifl" 
look  upon  this  process  as  s  budding  o(  the  etarlUh,  and  il  i«  not  ta  h» 
denied  that  it  would  merit  this  term,  it  a  mouth-opening  oould  ba  damaa> 
fltrated  on  the  joung  atarliBh. 

General  Considerations. — The  development  of  th« 
variouB  diviaions  of  Echiiiuderma  offers  manjr  cumtnon 
featarea,  in  whicb  a  dost;  relutionahip  of  tlie  &ve  diviaiotui 
can  be  recognized.  We  saw  that  cleaTnKe  niu  ittwa^ii  total, 
tolerably  equal,  and  its  reault  a  ciliated  blaatnla,  A  typicml 
inT&gination  gastrala  aiises  from  it.  The  mespiichjink  ralb 
detach  themaelvefl  frotD  tUe  inva|i^iDat«d  part  {Atiltdon,  Attnr- 
pecleti,  Synapta).  The  fact  that  the  development  of  thv 
mesenchyma  in  other  forms  (Echinoidea,  C^hiurvidta)  tjtkiM 
plaoe  ereo  before  gastrnlation  is  completed  dooa  not  S««B 
to  constitute  an  important  distinction,  because  in  anob  omos 
it  is  from  the  same  re^on — namely,  the  enloderm*!  part  of 
the  btaatala — that  the  detachment  of  the  mestmohyto*  enlla 
takes  place,  and  becaase  in  another  case  (Rololh»na)  this 
occni-s  daring  the  beginning  of  gastrulatton.  Tbe  meara- 
chyma  is  donbtleatt  to  be  tmced  to  the  samo  urigin  a*  tbe 
mesodermal  strncturea,  which  a-s  cislomic  sacs  detach  thom- 
selves  from  the  archenteron.  This  assumption  gains  in  pro- 
bability from  the  fact  that  ii]  a  later  stage  of  deTelopnievit 
another  separatioa  of  cells  takes  |>la«.'e  from  tbe  epitlwlinm 
of  tbe  entero-hydroou'le.  Enteroctele  and  hjrdrocxele  we 
the  deriTatives  of  the  two  cwlomic  sacs,  whicb  are  oonatrieted 
off  together  from  the  apex  of  the  archenteron.  Thvjr  then 
separate  into  the  two  onteroc<plos  and  the  bydroo<»le,  which 
tatter  enters  Into  commnnicatintt  with  the  oatside  world  b/ 
means  of  the  dorsal  pore. 
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The  blastopore,  in  those  cases  where  it  persists,  becomes 
the  anns.  The  mouth  arises  by  the  union  of  the  archenteron 
with  the  ectoderm.  Certain  differences  occur  in  regard  to 
the  formation  of  mouth  and  anus  as  the  result  of  differences 
in  the  mode  of  life  and  the  consequent  alteration  of  the 
shape  of  the  larva.  The  larvsB  are  quite  different  in  shape 
in  the  different  groups  of  Echinoderms,  although  common 
features  are  not  lacking.  Apart  from  the  internal  organiza- 
tion alreadj  mentioned,  in  regard  to  which  thej  are  entirely 
comparable  with  one  another,  the  external  characters  can 
also  be  compared,  in  spite  of  the  differences  in  the  shape  of 
the  body  and,  above  all,  the  ciliated  band,  which,  together 
with  the  shape  of  the  larva,  is  derivable  from  a  common 
fundamental  larval  form.  Even  the  cask-shaped  larva  of 
Antedon,  differing  as  it  does  from  the  other  larval  forms  of 
the  Echinoderms,  resembles  in  shape  the  so-called  pupa  of 
the  Holothurians,  which,  like  it,  possesses  five  ciliated  bands. 

The  further  development  must  in  turn  present  differences 
corresponding  to  the  variations  in  shape  of  the  larvae ;  but, 
on  the  other  hand,  it  also  exhibits  certain  resemblances,  as 
the  usual  similarity  of  structure  in  the  different  systems  of 
organs  demands.  Thus  not  only  the  fundament,  bat  also 
the  further  development,  of  the  water-vascular  system  re- 
curs in  nearly  the  same  way  in  all  cases.  The  development 
of  the  nervous  system,  as  far  as  it  is  known,  also  shows 
many  things  in  common,  and  the  same  is  true  to  a  still 
gpreater  extent  for  the  musculature.  The  early  development 
and  union  of  the  ambulacral  and  subambulacral  surfaces  of 
the  starfish  and  the  Ophiuran  in  the  Brachiolaria  and 
Pluteus  larvflB,  which  differ  so  much  from  each  other  in 
shape,  takes  place  in  a  strikingly  similar  way.  In  the 
larv8B  of  Crinoids  and  Holothurians,  a  certain  resemblance 
in  regard  to  the  development  of  the  tentacles  at  the  bottom 
of  the  vestibule  or  oral  funnel  cannot  be  mistaken. 

As  regards  the  development  of  the  skeleton,  it  is  not 
possible  from  what  is  at  present  known  to  discover  any  posi- 
tively established  relations  between  the  different  divisions 
of  Echinoderms.  To  be  sare,  reference  has  been  made  to  the 
position  of  the  forming  plates  in  relation  to  the  internal 
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organs  (H.  P.  Carpenter,  Burt),  bat  these  relations  are 
qaite  uncertain  still.  Even  the  conception  of  the  homology 
of  the  plates  founded  by  Lot^n  and  championed  bj  Car- 
penter, especially  those  which  in  the  different  groups  of 
Echinoderms  lie  abont  the  apical  pole,  is  not  to  be  considered 
as  assured. 

All  Echinoderms  have  a  radial  strnctnre ;  the  larve,  on  the 
contrary,  are  bilaterally  symmetrical  as  regards  both  their 
internal  and  their  external  organization.  It  has  been  shown 
by  different  examples  how  the  radial  structure  arises  onto- 
genetically  from  the  bilateral ;  but  the  question  now  presents 
itself.  How  is  the  shape  of  the  Echinoderms  to  be  explained 
phylogenetically  P  A  reply  to  this  involves  another  question, 
namely,  whether  the  different  groups  of  Echinoderms  are 
derived  one  from  the  other,  and  in  that  event  which  of  them 
stands  the  highest  and  which  the  lowest.  Recently  the 
Holothurians,  and  especially  the  apodal  Holothurians 
(Synapta),  have  been  looked  upon  as  the  lowest  forms,  and 
transitions  have  been  sought  from  them  to  the  Crinoids  on 
the  one  hand  and  to  the  Echinoids  on  the  other,  because  certain 
Holothnrian  characters  were  found  on  the  one  hand  in  the 
(fossil)  Cystidce,  on  the  other  hand  in  the  soft-shelled  Echino- 
thuridce  (P.  und  F.  Sarasin,  No.  47).  Additional  transitions 
to  the  Asteroids  and  Ophiuroids  are  also  demonstrable. 
This  theory,  to  be  sure,  traces  the  Echinoderms  baek  to 
simple  forms,  but  gives  no  explanation  of  the  origin  of  the 
i*adial  structure.  Even  the  apodal  Holothurians  are  still 
radially  constructed,  and  it  does  not  seem  at  all  impossible 
that  the  simplicity  of  their  structure  is  only  a  phenomenon 
of  degeneration.  The  Echinoderms,  however,  as  we  may  con- 
clude from  their  ontogeny,  are  to  be  referred  to  bilateral 
forms  as  their  source. 

Another  theory  is  that  which  traces  back  the  different 
divisions  separately  to  a  common  ancestral  form  known  as  the 
Pentactcea  (Semon,  No.  55).  This  ancestral  form  corresponds 
to  that  stage  in  the  ontogeny  in  which  the  larva  had  already 
passed  from  the  bilateral  to  the  radial  form  by  the  closing 
of  the  water-vascular  ring,  and  by  the  putting  forth  of 
6ve  evaginations.     Semon  finds  such  a  Pentactnla  stage  in 
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the  ontogeny  of  all  five  groaps,  and  from  this  argues  for  a 
common  ancestor  having  that  form.  This  theory  encounters 
the  difficulty  that  the  five  groups,  if  they  had  assumed  such 
an  independent  development,  would  scarcely  show  so  great 
a  resemblance  in  their  organization  as  they  in  fact  do.  It 
seems  to  us  more  justifiable  to  search  for  the  ancestral  forms 
of  the  Echinodermata  among  the  existing  material  which  is 
offered  to  us  by  palaeontology.  In  this,  however,  the  other 
difficulties  arise  that  the  material  is  not  complete,  since 
delicate  forms  have  not  been  preserved,  and  that  it  allows 
only  the  external  shape  to  be  recognized. 

At  all  events,  it  will  be  the  stalked  forms  among  which 
we  are  to  search  for  the  ancestors  of  the  Echinodermata; 
for  at  any  rate  it  was  the  influence  of  the  attached  mode  of 
life  which  in  the  Echinoderms,  as  in  other  groups  of  animals, 
called  forth  the  radial  structure.  Such  forms  as  the  Cystidce 
— which  are  in  part  stalked  and  in  part  without  stalks,  and 
of  which  one  part  obviously  led  an  attached  life,  while  the 
other  part,  on  the  contrary,  led  a  free  existence — seem  best 
fitted  to  stand  as  the  ancestral  forms  of  the  Echinodermata 
(comp.  also  Neumayr,  No.  43).  Their  shape  is  spherical, 
not  yet  being  prolonged  into  arms.  In  many  of  them  the 
plates  are  irregularly  arranged,  and  then  no  trace  of  a  radial 
arrangement  is  noticeable.  On  the  other  hand,  five  radial 
furrows  may  extend  out  from  the  mouth,  similar  to  the 
ambulacral  furrows  on  the  disc  of  a  Crinoid  or  Asteroid. 
However,  it  is  the  relationships  which  exist  between  the 
Cystidse  and  the  other  groups  of  Echinoderms  that  seem 
to  be  especially  important.  The  Cystidas,  by  means  of  tran- 
sitional forms,  are  said  to  stand  in  relation  to  the  Crinoids, 
the  Asteroids,  and  the  Echinoids  (Neumayr,  No.  43).  Since, 
however,  the  Echinoids  have  been  placed  nearer  to  the  Holo- 
thurioids  by  P.  und  F.  Sarasin,  and  since  evident  relation- 
ships between  the  CystidsB  themselves  and  the  Holothuri- 
oidea  have  been  discovered  by  the  same  authors,  this  latter 
group  can  also  be  compared  with  the  rest  of  the  Echino- 
dermata. To  us  it  seems  probable  that  the  Echinoderms 
established  their  radial  structure  by  an  attached  mode  of 
life  long  continued,  and  only  later  returned  again  to  a  free 
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life,  nh!ch  to-day  characterizes  tbe  moat  of  tbetn.  Tlw 
shape  of  the  larva  seems  to  have  been  prodnced  indepm- 
dontly  of  this  coarse  of  development. 

As  regards  the  qaestion  what  may  have  b««n  the  Uitoro 
of  the  biUteml  progenitors  of  that  milial  aneestral  form, 
we  are  altogether  in  the  dark.  Ontogeny  givee  no  answer 
to  this  question,  since,  on  the  one  hand,  the  larvn  Mre  moch 
changed,  owing  probably  ta  phenomena  of  adapl«tiuD,  and 
since,  on  the  other  hand,  no  tme  I'elationshipa  to  other  lamd 
formn — e.g.,  those  of  the  worms— can  be  recogniied.  One 
woold  most  naturally  compare  the  larvte  of  the  Bchinodvr* 
mata  with  thone  of  the  Turheliaria  and  Nemtrltann  or  with 
the  Trocht^hore,  hat  the  difference  in  the  distribation  of  th* 
ciliation  and  tlie  absence  of  the  apic»l  plat«  make  this  diS- 
cnlt.  Sach  larrie  as  that  of  Antrdon,  the  Holotliuriau  pu|M, 
and  the  vermiform  larva  of  the  Asteroidea  (Joh.  MClleb) 
recall  8egnieDt«d  forms;  bat  they  may  qnite  as  well  reptv- 
sent  secondarily  acquired  stages  of  development.  Thit  \» 
especially  difficult  to  detei^ine  in  the  caw  of  the  Urr»  of 
Antedon,  for  it  is  not  impossible  that  larve  of  tha  typioil 
form  of  the  Echinoderm  larvte  make  their  appearancs  in  th* 
development  of  the  Crinoids,  which  is  still  littl*  known. 
The  larva  of  Antedon  even  is  modified,  as  the  disappou^oee 
of  the  blastopore  shows.  Nevertheless,  the  raavmbUneo 
to  the  Holothnrian  pnpa  is  striking,  the  latter  cvrtkinly 
representing  a  secondary  stage  of  development. 

The  Echinoderm  larvie.  as  far  as  regards  their  interasl 
organization,  resemble  most  closely  snch  forma  as  the  Anne- 
lida, owing  to  the  occan-ence  of  oalomic  sacs.  W»  are 
inclined  to  refer  the  formation  of  such  a  body  cnvity  •■ 
takes  place  in  the  Annelida  to  a  tike  origin  with  that  of  the 
Echinodermata,  ami  aocurdingly  to  regard  the  nitaudeim  of 
the  Kchiuodemmtii  and  that  of  the  Annelida  M  bomologaaa 
strnclDres.  Indeed,  indications  which  point  to  nlmtiovships 
of  the  Bohinodermata  with  segmented  forms  are  not  lack- 
ing. 


An  inlerasl  segmentttion  woald  find  eiprewion  in  tb«  body.  U  lbs  eon- 
dittiHi  deacribed  by  Burt  (No.  8)— the  development  at   two   ftiM%   wt 


^ 
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enterocceles — shonld  be  confirmed.  This  wonld  indicate  an  approach 
to  segmented  forms.  Bat  in  this  connection  one  is  involuntarily  re- 
minded of  the  condition  of  the  larva  of  Balanoglouus,  in  which,  according 
to  Batsson,  an  internal  segmentation  is  expressed  by  the  establishment 
of  three  pairs  of  ccelomic  sacs  (comp.  Fig.  167,  p.  380).  Even  in  its 
external  shape  the  Tomaria  of  Balanoglotnu  seems  to  possess  a  certain 
resemblance  to  the  Echinoderm  larvie.  Added  to  this  is  the  fact  that 
the  so-called  water-vascalar  vesicle  of  Balanoglossns  may  exhibit  a  bipar- 
tite fundament.  Also  the  water-vascalar  vesicle  of  the  Echinoderms  in 
certain  cases  (especially  in  the  Ophiuroidea,  and  occasionally  in  the 
Asteroidea)  is  said  to  be  begun  as  a  paired  structure  (Metschnikoff). 
Should  this  statement  (hitherto  held  to  be  insufficiently  authenticated) 
be  confirmed,  then  one  would  be  able  to  compare  the  fundament  of  this 
system  of  organs — so  important  for  the  Echinoderms,  but  so  obscure  as 
regards  its  phylogenetic  origin — vrith  an  embryonal  excretory  apparatus 
(primitive  kidney).  This  view  is  supported  by  the  discoveries  of  P.  umd 
F.  Sarasin  (No.  47),  who  explain  the  glandular  structure,  which  opens  to 
the  exterior  at  the  same  time  as  the  stone  canal — the  so-called  heart  of 
the  sea-urchin — as  an  excretory  organ  communicating  freely  with  the 
body  cavity  by  means  of  an  open  ciliated  funnel.  The  assumption  of 
the  Sabasins  that  the  excretory  system  is  the  more  primitive,  and  the 
water-vascular  system,  with  its  locomotor  function,  is  only  an  organ 
derived  from  it,  seems  to  be  one  that  is  required  by  the  natural  course  of 
events. 
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megalooephala,  234,  235. 

nigrovenosa,  236. 

sexual  cells  of,  12. 
Ascetta,  22,  28. 

Asteraoanthion  Miilleri,  enterohy- 
droocele  of,  407. 

larval  appendages  of,  422. 

tenuispinus,  reproduction  by 
division  in,  456. 
Asterina,  421. 

dorsal  pore  and  stone  canal 
of,  436. 

enteroccele  of,  406. 

enterohydroccele  of,  414. 

intestine  of,  435. 

metamorphosis  of,  436. 

nervous  system  of,  436. 

stomodsBum  of,  403. 

vasoperitoneal  vesicle  of,  407. 
Astcroidea,  419,  432. 

mesenohyma  of,  400. 
Astrssacea,  101. 
Astroides,  98. 
Astropecten,  mesenchyma  of,  402, 

456. 
Atokal  forms  of  Nereide,  303. 
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Atorybia,  64. 

Atrocbe,  271,  278. 

Attractonema,  240. 

Aulactioia,  94. 

Aulastoma,  818,  828. 

Auloobone  (Sponge),  inbabited  by 

SylUs,  804. 
Aarelia  aurita,  105,  120. 

flavidala,  105,  106. 
AureliidflB,  120. 
Auricalaria,  417,  418,  420. 

metamorpbosis  of,  426. 
Aaropbore,  62. 
Aatolytas,  262,  802. 
Axis,  obief  or  primaiy,  8. 

Baer,  $ee  von  Baer. 
BalaDoglossas,  873. 

elayiger,  879. 

fertilization  in,  879. 

genital  organs  of,  879. 

Kowalevskii,  379,  886. 

Kapfferi,  384. 

minatas,  879. 

relationsbips  of,  888. 
Balanopbyllia,  89. 
Beroida,  150,  154. 
Bilateria,  10. 
Bipinnaria,  420. 

metamorpbosis  of,  483. 
Bladder- worm      (Tfeniadas),    198, 

195. 
Blastoooele,  tee  Oleavage  cavity. 
Blastoderm,  4. 
Blastomere,  3. 
Blastopore,  4. 
Blastospbere,  tee  Blastula. 
BlastotrocbuB,  102. 
Blastula,  4. 
Bolina,  138,  151. 
BoHdib,  151. 
Bonellia,  301,  310. 
Botbriocepbalas,  192,  194,  198. 
Bracbiolaria,  421. 

metamorpbosis  of,  482. 
Brancbiobdella.  336. 
Bucepbalas,  186. 

Galcarea,  20,  28. 
Callianira,  137. 150. 
Calyconula,  70. 

CalyoophoridsB.  59,  67,  68,  70,  72. 
Calycozoa,  123. 
Campanolaria,  47,  49,  52. 
Capitella.  263. 
CapitellidiB,  295,  298. 
CaryopbyllaBUs,  199. 


Caryopbyllia,  89. 
CSentroledtbal  eggs,  8« 
Gepbalotbrix,  280. 
GeratOM,  22,  28,  28. 
Cercana  (Distomidss),  18S,  184. 

macrocerca,  187. 

setifera,  186. 

VUloti,  186. 
GeriantbesB,  95. 
Ceriantbas,  88,  95. 
GestidiB,  158. 
Cestoda.  190. 

relationships  of,  to  Tremaioda, 
200. 
Gestos,  158. 
GbsBtognatba,  867. 

relationships  of,  87  i« 
GbsBtopoda,  262. 
GbsBtopteridaB,  274. 
GbsBtopterus.  274. 
GbalinidsB,  24. 
Gbalinala,  24. 
Gbarybdssa,  103. 
GbarybdaBidsB,  102,  108. 
Gbirodota,  larva  of,  419. 
Gboanoflagellata.  relation   of    to 

Porifera,  29. 
Gbrysaora,  112. 
Gbrysomitra,  74. 
Girratulas,  262. 
CladonemidflB,  154. 
Glava,  47. 
Glavidas,  125. 
Glavnlaria,  76. 
Gleavage,  8. 

cavity,  4. 

discoidal,  8. 

spheres,  tee  Blastomere. 

superficial,  8. 

total  and  eqoal,  5. 

total  and  unequal,  7. 
Glepsine,  818. 
Gnidaria,39,  124. 
Godoniom,  49. 
Goeloblastula,  6. 
Goplom,  11. 
Coelomic  sacs,  11. 
GoelopUna,  157, 177. 
Gomatnla,  nervous  system  of,  455. 
Gomplemental  males  (Myioatoma), 

818. 
Gonocyema,  214, 215. 
Gonvoluta,  175. 
Gorallia,  90,  101. 
Gorallium,  83. 
Cordylophora,  47. 
Gorm,  1. 


SUBJECTS   INDEX 


469 


Comacnspongia,  22. 
Gornularia,  BO,  82. 
Corymorpha,  60,  73. 
GorynidflB,  125. 
Ck)tylorhiza,  108,  112. 

borbonica,  112. 

tuberculata,  108. 
Crinoidea,  443. 

mesenohvma  of,  400. 
Criodrilus,  281,  281, 287,  291,  296. 

monostylus,  301. 

pardalis,  301. 
Crystallodes,  64. 
Ctenaria,  154. 
Ctenophora,  136. 
Gtenoplana,  157,  177. 
Cucullanus,  234,  235,  238,  242. 
Cuoumaria  doliolam,  larva  of,  419. 

mesf nchyma  of,  397. 

planoi,  429,  432. 

pupal  stage  of,  427. 
CuniniaB,  49,  53,  58. 
Canoctantha,  58. 
Cyauea,  106,  112. 

arctica,  106. 

capillata,  112. 
CyaDeidsB,  120. 
Cfdippidae,  151. 
Cysticercas  (Taniada),  195. 

pisiformis  (Fig.  96),  196. 
CystidflB,  458,  459. 

Darwinia,  175. 

Delamination,  gastralation  by,  8. 

Dendroocelidie,  159,  169. 

Dendroc€elum  lacteum,  169,  170. 

Desmaoidon,  24. 

DeHmophyidae,  71. 

Desor^B  type  of  development  (Ne- 

mertini),  225. 
Dicyema,  209. 
Dicyemeila,  209. 
Dicyemeanea,  209. 
Dioyemidas,  206,  209. 

relationships  of,  215. 
Dicyemina,  209. 
Dicyemopsis,  209. 
Dinophilus,  215,  313. 

apatris  (gyrociliatus),  314. 

giaas,  314. 

relationships  of,  314. 

tasniatas,  314 

vorticoides,  314. 
Diphyid®,  68,  71. 
Diphyopsis,  71. 
Diplozoon,  188,  189. 
Diptera,  sexual  cells  of,  12. 


Disoooelis,  161,  163. 
DisoomedusfB,  103, 120. 
Disoonanthas,  65. 
Disconula,  65. 
Disoophora,  102,103. 
Distomide,  178,  180. 
Distomnm  oygnoides,  187. 

oylindraoeam,  180. 

hepatioum,  180, 181, 185,  187. 

maorostomnm,  185. 

mentulatom,  180. 

ovooaudatum,  185. 

tereticolle,  178. 
Doohmins  duodenalis,  239. 

trigonooephalos,  239. 
Draounculns,  243. 

Echinaraohnius,  403,  439. 
Echinaster,  larval  appendages  of, 

422. 
EchinobotbridsB,  199. 
Echinooardium,  cleavage  in,  398. 
EobinoooccuB,  197. 
Echinocyamus,  440. 
Echinodermata,  392. 

regeneration  and  division  in, 
456. 

relationships  of,  459,  460. 
Echinoidea,  398,  424,  438. 
Echinorhynohus  angustatus,  250, 
251. 

gigas,  249,  250,  251,  253. 

polymorphus,  252,  255. 

proteos,  250,  251. 
Echinothurida,  458. 
Echinus,  424. 

microtuberculatuB,     cleavage 
in,  898. 
Echiuridffi,  304. 

compared  to  the  SiponcalidsB, 
365. 
Eohiurus,  304,  306. 
Eotooarp  medussB,  134. 
Ectoderm,  3,  4. 
Edwardsia,  92. 
EdwardsidsB,  93. 

Embolic  gastrula,  $t€  Gastrnla,  em- 
bolic. 
EnchytrsBoides,  294. 
Enteropneusta,  373. 
Entocarp  medusa,  124. 
Entoderm,  3,  4. 
Eosphora,  256. 
Epenthesis,  49. 
Ephydatia.  25. 
Ephyra,  104, 113, 114, 119. 

pednnoalata,  118. 
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EphyropsidsB,  119,  128. 

Epiactis,  100. 

Epibolic   gastmla,   tee    GastraU, 

epibolio. 
Epibolia,  68,  71. 
Epitokal  fonns  of  NereidaB,  803. 
Errantia,  segmeDtal  appendages  of, 

279. 
ErtUBflB,  71. 
Esperia,  24,  27. 
Eucharis,  145,  151,  153. 
Eodendriam,  42. 
Eudozia,  70-72. 
Ealetheria,  154. 
Eanice,  262. 

Eupomatus,  263,  267,  289,  295. 
Earampha,  151. 
Eurjlepta,  161. 
Earyleptidffi,  160. 
Euspongia,  23. 
Eutima,  74. 
Ezogone,  262,  280. 

Fertilization,  2. 
Flabellum,  100, 102. 
Frastalation,  49. 
Fuugia,  100. 
Fungiaceas,  101. 
FnngidsB.  102. 

Qalazea,  101. 
Gaieolaria,  71. 
Oasterostomam,  184. 
GasterotrochflB,  271,  277. 
Oaatrea,  5. 
GaatroblaHta,  49. 

RaffaeU,  49. 

timida,  49. 
Gastrodes,  58. 
Gastmla,  4. 

oircumcrescence,  iee  Gastmla, 
epibolio. 

embolic,  6. 

epibolio,  7. 

invagination,    ae     Gastmla, 
embolic. 
Gemmulas,  13,  34,  35. 
Gephyrea,  365. 
Gemainative  vesicle,  8. 
GeryonidsB,  53. 
GnatbobdellidsB,  825. 
Gonactinia,  95,  100. 
Gonad,  2. 
Gordiidffi,  244. 
Gordius  aquations,  244. 

relationships  of,  246. 

ViUoti,  244. 


'  Grabea,  262,  280. 
Gyrodactjlas,  188,  189. 

Haloampa,  94. 
Halecinm,  51. 
Halisaroa,  20,  25,  28. 
Halistemma,  60-62. 

piotnm,  62 

rabrum,  62. 
Herpetolitha,  101. 
Heterakis,  239. 
Heteraxonia,  10. 
HeteroeyemidsB,  214. 
Heterodera,  241. 
Heterogeny,  2. 
Hezacorallia,  93. 
Hezactinellids,  82. 
HezactiuisB,  91. 
Hexarthra,  260. 
Hippodias,  59. 
Hirudinea,  318. 

relationships  of,  386. 
Hlrudo,  318,  328. 
Holoblastio  eggs,  7. 
Holothnria,  393. 

mesenchyma  of,  897,  404,  456. 

vasoperitoneal  vesicle  of,  410. 
Holothnrioidea,  892,  417,  426. 

cleavage  in,  892. 

mcAencbyma  of,  400. 
Hybocodon,  64,  72. 
Hydra,  39,  42.  47, 51,  52. 

Koeselii,  52. 

Tremblyi,  52. 
Hydracorallia,  53. 
Hydractinia,  47. 
Uydroid  medusa,  39,  40,  196. 

polyp,  43,  50. 

theory,  89. 
Hydroides,  39* 
Hydrozoa,  89. 


Ichthyocrinoidea,  444. 
Infusorigen    embryos    of     Dicye- 

mid»,  218. 
Ingression,  multipolar,  9. 
polar,  6. 
i  Intoshia  gigaii,  206. 
I  Linei,  206. 

Isodyctia,  24. 

Kopfkeim  (Himdinea),  829. 

Laceration,  reprodaction  bj,  101. 

Lampetia.  144, 151. 

Lanice,  295. 

Lf  ptomedusa,  48. 
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Leacandra,  20. 
Lenoochloridiam,  185, 187. 
LenoosoleDia,  33. 
Lilyopsis,  71. 
Lineus  lacteal,  217. 

obsouras  (Figs.  105-107),  224-5. 
Liriope,  56. 
Lizzia,  49. 
LobatsB,  151, 152. 
Loimia,  295. 
Lopadorhynchns,    288,     292-294, 

800. 
Lophocalyx,  34. 
Lacernaridfld,  102. 
LumbrioidsB,  281,  300. 
LnmbricoDereis,  275. 
Lnmbrioulus,  801. 
Lumbhons,  281,  283, 284, 291, 298, 

294,  297,  300. 

Macrostomum,  173,  176. 
Madreporaria,  98. 
Magelona,  278. 
Malaeobdella,  228. 
Malacodennata,  100. 
Manicina,  89,  95. 
Meandrina,  102. 
Medosoid  theory,  72. 
Medasom,  65. 
Megascolez,  291. 
Melithea,  83. 

Meridionid  cleavage  farrows,  8. 
Mermis,  240. 
MermithidsB,  239. 
Meroblastio  eggs,  7. 
MertensisB,  151. 
Mesencbyma,  11. 
Mesentery,  11. 
Mesoderm,  5, 10. 

Bomatio,  11. 

splanohnio,  11. 
Mesodermio  bands,  10. 
Mesogloea,  79. 
Mesotroobe  271,272,274. 
Mesozoa,  215. 
Metagenesis,  2. 

Metastomial  discfl  (Pilidiam),  221. 
Metazoa,  1. 

Microcotyle  (Fig.  98),  188. 
Microeyema,  214. 
Microbydra,  49. 
Millepora.  53. 
Mitraria,  275,  276,  316. 
Mitroooma,  43. 
Mnemiopsis,  151. 
Monactinellide,  82. 
Monaulea,  94. 


I   Monophyes,  72. 
I    MonophyidsB  72. 
Monopora,  217,  228,  229. 
Monostomam,  190. 

flavnm,  187. 

foliacenm,  200. 

mutabile,  187. 
MonotidsB,  177. 
MoDotrochflB,  271,  275. 
Monoxenia,  77. 
Muggiasa,  72. 

Muller's  larva,  165,  167,  168. 
Multipolar  ingression,  tee  Ingres- 

sion,  multipolar. 
Myzostoma  oirri/erum,  315. 

complemental  males  of,  818. 

glabrum,  315. 

Naididfls,  non-sexual  reproduction 

of,  302. 
NarcomedusfB,  53,  57. 
Nansithoe,  113,  119. 
Nemathelminthes,  234. 
Nematoda,  234. 

relationships  of,  246. 
Nematogen  embryos  of  DicyemidSy 

210. 
Nemertini,  217. 

relationships  of,  230. 
Nephelis,  318,  325.  328. 
Nereids,  atokal  forms  of,  808. 

epitokal  forms  of,  803. 

non*  sexual    reproduction    of, 
303. 
Nereis,  3,  263, 279,  286. 
Nerine,  278. 
Neuronephroblast     (Hirndinea), 

820. 
Neuropore  of  Balanoglossus,  398. 
Non-sexual  reproduction,  12. 
NototrochsB,  271,  277. 


Obelia,  48. 

Oceania,  49, 118. 

Oculinacea,  101. 

Ocyrrboe,  151. 

Oligochffita,  281. 

Oligocladus,  167. 

Olynthus,  19. 

Ophiaotis,  reproduction  by  division 

in,  465. 
Opbioglypha,  mesenehyma  of,  400. 
Ophiopholis,  mesenehyma  of,  408. 
Ophiotrix,  enterohydrocoele  of,  418. 
Ophinroidea,  422,  437. 
mesenehyma  of,  400. 
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Ophryotrooha,  277,  278,  280,  313, 

316. 
OrthoneotidflB,  206. 

relationsbipB  of,  215. 
Orthoptera,  sexnal  oells  of,  12. 
Osoarella,  20,  22,  28,  84. 
Otomesostoma,  177. 
Oxysoma,  230. 


ParaotinifB,  93. 

Parenohymula,  22,  41. 

Peachia,  94. 

Pelagia,  105,  118.  122. 

Pelagidfe,  120. 

Pennaria.  47. 

PennatulA,  83,  87. 

PentaotflBa.  458,  459. 

Peromedus»,  123. 

Penon,  1. 

PhalangidflB,  sexaal  oells  of,  12. 

Phascoloeoma,  357,  364. 

Phialidium,  49. 

PboroDis,     relationships     of,     to 

Sipanculidee,  365. 
PhylloobtBtoptenis,  274. 
Phyllophorus,  larva  of,  419. 
Phy8%li*,  59.  62,  74.  75. 
PhysoneotfB.  59,  75. 
Physophora.  64. 
Physophoridfe,  59,  60,  67. 
Pietoeystis  dythiridium.  195. 

variabilis.  195. 
Pileolaria,  279,  300. 
PiUdiam,  217. 

aaricalatam,  220. 

braohiatum,  220. 

gyrans,  220. 

recarTatum.  220. 
Plaoina,  14. 
Plakinidie.  22.  28. 
Planaria  angulala,  169. 

polychroa,  169. 
Planula,  14. 
PlatyhelmiutbeB.  159. 
Plerooerci  (T»niadip),  195. 
Plerooerooids  (Tsaniada),  195. 
Pleurobraohia.  138. 
PlearocbieU,  291. 
Plateas.  422,  4i4. 
Pneumatopboride,  59,  62. 
Polar  globules,  3. 

ingression,    tee  Ingression, 
polar. 
Pole,  animal,  3. 

yegetative,  3. 
Polu,  228. 


Polyohata,  262. 
Polyoladida,  160.  173. 174. 
Polygordias.  263.  267,  268.  2S7, 

290,  292,  295. 
Polylopbas.  84. 
Polynoe,  262. 
Polyopeis.  93. 
Polyphyida.  71,  72. 
Polypodiam.  49. 
PolystomidA,  188,  190. 
PoljstomaiD,  188. 
Polytroobad.  271.  273. 
Pomatoceros.  3.  263. 
Porifera.  13.  28.  82. 
Porpita.  59.  65. 
Porpitide.  65. 
Praya,  71. 

Primary  germ-layers,  5. 
PrimitiTe  mesoderm  cells,  10. 

moath.  see  Blastopore. 
ProrbynoboB,  173. 
Prostoma.  tee  Blaatola. 
Prostomial  dises  (Pilidium).  221. 
Proetomam  lineare.  173.  175. 

Steenstnipu.  178,  174. 
Protaxonia.  9. 
Protodrilas,  287. 
Protohydra.  49. 
Protozoa.  11. 
Prottila.  302. 
Pseadoceridfls,  160. 
Pseudoooile.  11. 
Pseadogastmla.  17. 
Psolinos.  419. 
Psygmobranchas,    263,   275.   279, 

284.  291.  297.  299»  800. 
Pteraster,  brooding  in,  436. 

Raspailia.  24. 
Ratarie.65. 
Rathkea  (Pig.  13).  40. 
Redia  (Distomida),  183. 
Beniera,  24.  27. 
Renilla.  76,  83,  88. 
Rbabditis,  238. 

aceti,  235. 

nigroveuoea,  234.  242. 

stercoralis,  242. 
BhabdooaBU^  159. 
KbabdocoelidsB.  159,  173, 174. 
Bhabdonema.  242. 
Bhizocrinns,  453. 
Rbizopbysa,  69.  75. 
Bhizostoma.  120. 
BbizostomiB.  124. 
Bhizoxenia,  82. 
Bbopalonema,  57. 
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Bhopalara,  306,  207. 

Oiaidii,  206. 

InUMhii.  206. 

ophiooomae,  906. 
Bhynohelmis,  381,  382,  284,  286, 

291,  299,  300. 
Bh.Tnchobdellida,  319. 
Binalda,  34. 
Botatoria,  256. 

reUtioDfthips  of,  259. 
Bampfkeim  (Himdinea),  329. 


Sabella,  3.  263. 
RabelUrU,  263,  276. 
Saoeoeimis,  290. 
SagitU,  367. 
Sama  prolifera,  72. 

npbonopliora,  72. 
Sehizoeladimn,  49. 
SrJiizostoniaiit.  175. 
8elerodemlau^  IOOl 
Seierogorgia.  83. 
Scolez  (TcnIadjB),  197. 
SejphiMoma,  104, 105.  110. 
8eTpbomedai«.  39,  102,  103.  122. 
Sejphopoljpii.  103. 
Scjphoioa,  134. 
ScTphnla,  125. 


of,  279. 

^124. 
Sexual  reprodnetioQ.  2. 
Hilieea,22. 

SiphoDopbon,  39.  59. 
Siphooala,  65.  70. 
Sipanailids,  357.  365.. 

idatioBslupa  of,  to  JiniMliili, 


tf. 


of.  eompand  to 
phoR:.  361. 


flpAtaagot,  434. 


Spfacrakria.  110. 
SpinftesaL  299,  ^43. 


«    H4 


Bpongilla,  25,  27,  34. 

SpongioblaaU.  32. 

Sporocyst  (DistomidiB),  181. 

Si*orogonia,  59. 

Sporophores,  47. 

Sporosacs,  39. 

Sproating  (Porifera),  28. 

Stelospongia,  28. 

Rtephalia,  62. 

St«»phanoiDia,  60. 

StepfaaDOflCjphas,  103. 

Sternaapia,  273. 

Sterroblastola,  7. 

Sterrogaatrola,  ut  Gaatrala,  epi- 

boUe. 
Stock,  1. 

Stomobraefaiam.  49. 
Stiobila,  104,  113. 114. 
Strongyloeentrotiia,    ckaraga    in, 

398. 
metamorpbotia  of ,  439. 
Stjla«tend«,  53. 
StTloebcrpfia.  168. 
Styloehos.  162.  164,  167,  168. 
Sttlodrilaa.299. 
.Styiorhiza.  121. 
Sjeaodra.  14. 
SveoB.  Vj. 

STrTfrtjil,  93. 

Srllidft.  DOfi'Mzoal    repr^xloeiion 

of,  302,  304. 
Syllis  niDMa,  3^>4. 

wacinManefe  of  larra  to  Vino- 

philoji,  313. 
TiTipara.  2f/i, 
Sjinpafl^'la,  33, 
Brmpr^^nn,  76,  77* 
SjDapta.  3M. 

cl«avafr«  io,  yj2, 
tu»0intktrmtk,    39^,  397,   4I>4, 

4V5- 
iB«tafD//rpbr>«a     of     ciliat«<i 

Una.  430. 
ft^TT^'rimr  ''if.  43r7. 

4l,  4a». 


U3. 


cibnuMnaA.  ICr3, 
«ejuz^>!r><mdi,  2fjl>. 

vmsjk,  1^. 

la.  >bt  <rvts«(t«rti  ''.IL  IM. 

:». 

T4Mf<i*rxit,  2C4.  i'A^ 


474 


SUBJECTS  INDEX 


Telolecithal  e^gs,  8. 
TelotrochiB,  271.  276. 
Terebella.  279,  280.  291. 

Meckelii,  263.  272-274. 
TerebelUdaB.  295. 
Tethya,  84. 
TetiDa.  34. 
Tetractinemdn,  32. 
Tetrasiemma,  228. 
Thalassema,  804-306,  810. 
Thoe.  161. 

Thysanozoon,  160,  166. 
TiaridaB.  68. 
Toraaria,  881.  382. 

heart  of.  386,  386. 
ToxopneuBtes  (FiR.  186).  401. 
TracbeophysaB,  69,  66. 
TrachomednsflB,  68,  126. 
Trematoda,  178. 

derivation  of,  201. 

larval  membranes  of,  compared 
to  amnion  of  Pilidinm,  19^. 

relationships  of.  to  Cestoda, 
200. 
Trichina.  234,  243. 
Tricbocephalas  affinis,  289. 

dispar,  284. 
Trioladida,  169.  174. 


Trochophore  (Annelida),  266.  S41. 

compared  to  Medosa,  842. 

(PUidinm),  219. 

(Rotatoria),  269. 
Trocnosphnra,  269. 
Trocbosphere.  266. 
Tubifex.  281. 
Tnbipora.  88. 
Tnbnlaria,  49,  60. 
Turbellaria,  159. 

relationships  of.  176. 
Tnrbinaria.  101. 
Tarritopsis.  58. 

Umbrosa.  120. 

Vegetative  pole,  iee  Pole,  regeta- 

tive. 
Velella.  69.  74. 
Velellidn,  66,  67. 
Versuride,  121. 
Von  Baer*8    cavity,  ue   Cleavage 

cavity. 

Zoantharia.  88. 100. 
Zoanthes,  94. 
Zoanthns,  100. 
Zonactinia.  100. 


AUTHORS  INDEX. 


AoAssiz,  A. 

Annelida,  276. 
Arachnactis,  98. 
Asteroidea,  405,  422,  486. 
Autolytns,  302. 
BalanoglosBOB  (Fig.  164),  874. 
BeroidfB,  154. 
Bipinnaria  and  Brachiolaria, 

432. 
Bolina,  138, 151. 
Ctenophora,  188,  146, 151. 
Cyanea,  112. 
Eohinoidea,  442,.443. 
Hemiaster,  436. 
Planaria  angulata,  169. 
VelelUdfB,  65. 

AOABBIZ,    L. 

Aarelia,  105. 

Hjdrozoa,  44. 
Allman,  O.  J. 

BeroidflB,  154. 

Ctenophora,  138. 

Hydroidea,  46,  49,  50. 

StephanoBoyphus,  108. 
Andrss,  a. 

Zoantharia,  95, 101. 
Andbewb,  E.  a. 

Annelida,  357. 
Apathy,  S. 

Hirudinea,  333. 

APOBTOLIDfeS.    N.   C. 

Ampbiara,  418. 
Ophiotrix,  418. 

Balfoub,  F.  M. 

Annelida,  342. 

Echinodermata,  414. 

Hirudinea,  325,  332. 

Nemertinea,  229. 

Pbysophora,  64. 

Porifera,  86. 

Siphonophora,  72. 
Babboib,  Ch. 

Antedon,  447,  451. 


Babboib,  Ch. 

ABcandra,  20. 

Crinoidea,  405,  412,  418. 

Desmacidon,  24. 

Haliaaroa,  20. 

Isodyctia,  24. 

Nemertini,  224-226,  228. 

Oscarella,  20. 
Batebon,  W. 

BalanogloBBQS,  374-887. 

Tornaria,  885.  386. 
Beabd,  J. 

MyzoBtoma,  815. 
Beddabd,  F.  £. 

PleorocbflBta,  291. 
Bedot,  M. 

VelellidflB,  65. 
Benbden,  E.  tan. 

AracbnaotiB,  98. 

CeriantbeaB,  92. 

DicyemidfB.  206-215. 

TfoniadaB,  190,  193. 

Zoantben,  92. 

BeMEDBN,   p.   J.   YAH. 

CeBtoda,  204. 

Cyanea,  112. 
Bemham,  W.  B. 

OligocbaBta,  299. 
Bebameck,  E. 

Annelida,  855. 
Beboh,  B.  8. 

Annelida,  287,  288,  298. 

AalaBtoma,  381. 

ClepBine,  822. 

GriodrilaB,  284. 

Hiradinea,  828,  829,  835. 

Lucemaria,  102. 

LumbricuB,  297,  298. 

Nepbelis,  881. 

OligocbflBta,  296,  297,  299. 
Biehbimoeb,  J. 

DistomidaB,  188. 
Blochman,  F.,  und  Hiloeb,  6. 

Oonactinia,  95, 100. 


476 


476 


AUTHORS  INDEX 


BOURNB,   A.    G. 

BalanoglosBUs,  386. 
Hirudinea,  334. 

BOVKRI,   T. 

Araobnactis,  98. 

Asoaris,  20. 

HexaotinifB,  91. 

Sdgitta,  367. 
Bbakm,  F. 

Annelida,  355. 
Bbandbb,  O. 

Trematoda,  203. 
Braubb,  a. 

Hydra,  51. 

Tabalaria,  50. 

BB4UN,   M. 

DicyemideB,  216. 

OrthoneotidsB,  216. 

Pieurocerci  (Trematoda),  195. 

Trematoda,  19i. 
Bride,  E.  W.  Mao. 

Ecbinodermata,  464. 
Brooks,  W.  K. 

Cunoctantba,  58. 

EpenthesiR,  49. 

Eutima,  74. 

GeryonideB,  53. 

Liriope,  56. 

Medusa,  origin  of,  126. 
BeLow,  G. 

Lumbrioalus,  350. 
BOrobr,  0. 

Hirudinea,  334. 

Nemertini,  223,  227. 
Burt,  H. 

Antedon,  416.  443-448,   451, 
452. 

Crinoidea,  404,  405,  413. 

Eohinodermata,  414,  415,  45S, 
461. 

Eohnioidea,  442. 
BuscH,  W. 

Cbrysaora,  113. 
BOtschli,  0. 

CbflBtoguatha,  367,  370. 

Cucullanus,  235. 

Nemertini,  223. 

Nephelis,  325. 

Pilidiam,219,  221. 

Porifera,  29. 


Camerako,  L. 

Gordius.  244,  246. 
Carloren,  0. 

Ceriantbe®,  92. 

Zoantbes,  92. 


Cabpbntbb,  p.  H. 

Ecbinodermata,  458. 
Cabpbntbb,  W.  B. 

AntedoD,  452,  455. 
Cartbb,  H.  J. 

Halisaroa,  20. 

Osoarella,  20. 

Porifera,  35. 
Chaowick,  H.  C. 

Ecbinodermata,  464. 
Chun,  C. 

Aorionlaria     nadibranohiata, 
419. 

Calyoopborida,  72. 

Cestus,  153. 

Ctenophora,    186.    188,    148, 
149,  151. 

DiphyidflB,  71. 

Eucbaris,  145. 

Eadoxia,  72. 

Holotbnrioidea,  419. 

L«mpetia,  138, 144,  151. 

Monopbyes,  72. 

Muggiflsa,  72. 

Sipbonophora,  60,  67,  7S. 

Torbellaria,  176. 

VelellidflB,  65. 

Cl^ICIAN,    J. 

Tubularia,  50. 

OULPARfeDB,    E. 

Annelida,  271. 
Opbryotrocba,  277. 
Terebella,  273. 

OLAPABfeDE,  E  ,  UND  MbTBCHXIKOPP, 

E. 

Annelida,  350. 
Claos,  G. 

Atorybia,  64. 

Aurelia,  105,  120. 

Cestoda,  199,  200. 

Cbrysaora,  112. 

Ctenopbora,  136-138. 

Disoomedasa  120. 

Hydroidea,  46. 

Hydrozoa,  40,  44. 

Naositboe,  119. 

Pbysopboridn,  66. 

Kbizostoma,  120. 

Scyphistoma.  107. 

Sipbonopbora,  72. 

Umbrosa,  120. 
Cobb,  N.  A. 

Nematbelmintbes,  248. 
CoLTON,  B.  p.,  and  Gabjcax,  H. 

Arbaoia,  439. 
Conn,  H.  W. 

TbaUsMma,  804,  806. 


AUTHORS   IKDBX 


477 


CoNV,  H.  W. 

Tabularia,  51. 

Daltell,  J.  G. 
Hydroidea,  49. 
Pianola,  41. 
Zoantharia,  10  h 

DATIDOrF.  M.   TON. 

Phialidiam,  49. 
Delaoks,  Yybs. 

ComacaspoDgia,  22. 

DXNDT,  A. 

Syoandra,  17. 
D&sd,  B. 

Porifera,  34. 

DlOQUKMABE,  J     F. 

Zoantharia,  lul. 
DnscE,  G. 

Cephalothrix,  227. 
Dixon, 

HexacUniae,  92. 
Dbabchb,  B.  yon. 

PolycbfBta,  263. 
Drisbch,  H. 

Hydrozoa,  48. 

]>UJAROIN,   F. 

Hydroidea,  129. 

Edwards,  C.  L. 

Eohinodermata,  464. 
Edwabds,  H.  Milne,    see  Milne- 

Edwabds,  H. 
Eblbrs,  E. 

NereidaB,  804. 
Eisio,  H. 

CapitelUdaB,  295,  298. 

Faubot,  L. 

Anthozoa,  182. 
^WXEB,  J.  W. 

Agalma,  64. 

Ampbinra,  418. 

Annelida,  857. 

Arbaoia,  425. 

Gtenopbora,  151. 

Echinaracbnins,  408,  439. 

Mnemiopsis,  151. 

Nemertini,  230. 

Ooyrrboe,  151. 

Opbiopholis,  408. 

Pilidinm,  220.  221. 

Sipbonopbora,  60. 

Tornftria,  390. 

FlEDLEB,   K. 

^pongilIa,  14. 
Field,  G.  W. 

Ecbinodermata,  464. 


Flbischiiah,  a. 

Eobinocardinm,  898. 

Ecbinoidea,  399. 
Fol,  H. 

Gtenopbora,  188-140,  146. 

EurampbaBa,  151. 

GeryonidaB,  63. 

LncemaridaB,  102. 
Fraipont,  J. 

Annelida,  288. 

Polygordias,  267,  295. 

Ganin,  M.  S. 

Nematoda,  237. 

Pelodera,  247. 

Spongilla,  25,  28. 
Gabstang,  W. 

Ecbinodermata,  464. 
Geoenbaub,  O. 

CbaBtognatba,  367. 

Endoxia,  71. 

Pilidium,  221. 

Sipbonopbora,  60. 
Gebd,  W. 

Tubnlaria,  50. 

GlABD,  A. 

BalanogloBsuB,  390. 
OrtbonectidsB  209,  260. 

GOBTTB,   A. 

Annelida,  288. 
Antedon,  448. 
Aflcaris  niKrovenoRa,  236. 
Asteracantbion,  407. 
Aarelia,  105. 
Cotylorbiza,  lOd,  112. 
Crinoidea,  405,  418. 
Epbyra,  119. 
Mematoda,  234,  287. 
Nereis,  263,  286. 
Polycladida,  160. 
Porifera.  80,  35. 
Bhabditis,  234,  235,  288. 
SoypbistoDia,  107. 
ScypbomedasaB,  124. 
Scypbula,  125. 
8pongilla,  25-27. 
Styloobas,  162,  168. 
Tomaria  (Fig.  170),  884. 
Tnrbellaria,  176. 

GllAFP,   L.   YON. 

Monotide,  177. 
Myzostoma,  353. 
Otomesostoma,  177. 
Tarbellaria,  201. 
Gbassi,  B. 

Cestoda,  192. 
CbaBtognatba,  871. 


478 


AUTHORS  INDEX 


Grassi,  B.,  e.  Bovblu,  G. 

Cysticerous,  196. 
Greef,  B. 

EchinorhynchiiB,  219,  251. 

Protobydra,  49. 
Grobbbn,  C. 

Annelida,  800. 

GeBtoda,  199. 

Distomida,  183.        • 

Moina,  12. 
Gbubbb,  W. 

Cestoda,  199. 

Haacke,  W. 

CharybdflM,  108. 

Hydra,  52. 

Zoantharia,  96. 
Haddon,  a.  C. 

Haloampa,  94. 

HexactiniflB,  92. 

Peachia,  94. 

Zoantharia,  91. 
Haeckel,  £. 

Asteroidea,  455. 

Aurelia,  105. 

Caliconula,  70. 

Ctenophora,  154. 

DisGonula,  65. 

Ephyra  pedunculata,  118. 

EphyropsidfB,  124. 

GeryonidsB,  57* 

Leptomedu88B,  48. 

Monoxenia,  77. 

Pelagia,  118. 

Pbysalid  larva,  62. 

Pbysoneote,  75. 

Porifera,  36. 

Siphonophora,  60,  72. 

Siphonola.  65. 

Starfish,  455. 

Stephalia,  62. 

Velellidffi,  65. 
Haeckbr,  V.' 

Hydroidea,  180. 
Haimb,  J. 

Cerianthas,  98. 
Hallez,  P. 

Ascaris,  235. 

Dendroccelum,  169, 170. 

Leptoplana,  161. 

Nematoda,  234,  236, 237. 

Oligooladas,  167. 

Oxysoma,  236. 

Polycladida,  160,  164. 

Khabditis.  235. 

Bbabdocoeiidffi,  173,  174. 

TricUdida,  170,  171.  178. 


Hamann,  O. 

Antddon,  454,  455. 

Gyanea,  106. 

Cysticerous,  196. 

Ecbinorbynohus,  253. 

Haleciam,  51. 

Hydroidea,  50. 

SoypbomediiBA,  122. 

Tabolaria,51. 
Habmer,  S.  F. 

Dinophilas,  314,  315. 
Habtlaub,  C. 

Eleutberia.  154. 

Obelia,  48. 
Hatsohxk,  B. 

Annelida,  287. 

Cnidaria,  125. 

Criodrilas,  284,  296. 

Gtenopboim,  155. 

Ecbiaoidea,  349,  400. 

Eobioms,  307. 

Eapomatns,  268. 

Hydroidea,  89. 

OiigoobeU,  281,  286,  396. 

Polycbffita,  26$. 

Polygordios,  268,  292,  295. 

Protaxonia,  9. 

Rotatoria,  260. 

Scypbozoa,  124. 

Siphonophora,  78. 

Sipunoalos,  357. 

Trochophore,  266. 
Heckbrt,  G. 

Leucochloridium,  185. 
Heidbb,  a.  von. 

Calycoblasts,  99. 

Ceriantbus,  95. 

Zoantharia,  99. 
Heider,  K. 

Gastrodea,  58. 

Oscarella,  22. 

Porifera,  30. 
Hsnsen,  V. 

Holothorioidea,  398. 
Hebtwio,  0. 

Chatognatha,  367,  370. 

Nausithoe,  113. 

Sagitta.  371. 
Hertwio,  K. 

Actinaria,  93. 

Araohnaotis,  98. 

Callianira,  187.  150. 

Ctenophora,  154. 

HxRTWIG,  0.  UND  H. 

Adamsia,  91. 
Alcyonaria,  75. 
Ccelomtheorie,  178. 


AUTHORS   INDKX 


479 


HSBTWIO,    O.   UND  B. 

Hydroidea,  46. 
MeduBSB,  origin  of,  121. 
Mesenchyma,  11. 
Zoantharia,  91. 

HiCKBON,  8.  J. 

Aloyonaria,  82. 
Hydrocorallia,  53. 

HiMKS,  T. 

Hydroidea,  129. 
Hoffman,  C.  E. 
Clepsine,  352. 
Nemertini,  228,  229,  232. 

HOBST,  B. 

Annelida,  351. 

Hermella,  237. 
HUBRBCHT,  A.  A.  W. 

Chordata,  232. 

Nemertini,  173.  224,  227,  231. 

PUidium,  222. 
HUXLET,  T.  fl.    . 

PbysaUd,  61. 

Protula,  302. 
Htde,  I.  H. 

Hydroidea,  131. 

Imim A,  I. 

Tricladida,  169,  170. 172. 

Jaekel,  0. 

Eobinodermata,  465. 

JOLIET,  L. 

Botatoria,  256. 

JOUBDAIN,  S. 

SagitU,  368. 

JOUBDAM,   £. 

Actinia,  89. 
Zoantharia,  88,  89. 

JULIN,  C. 

Dicyemidea,  215. 

OrthoneotidfB,  206,  209. 
Juno,  H. 

Hydra,  52. 
JUNOEBSBN,  H.  F.  E. 

Pennatula,  87. 

Pteroides,  87. 

Kaiseb,  J. 

Echinorhynchas,    249,     250, 
253,  254. 
Kbfbbstbin,  W. 

OrthoneotidflB,  206. 

Planaria,  201. 

EXLLEB,  G. 

Ascandra,  20. 
Chalinula,  24. 
Gastroblasta,  49. 
Lebcandra,  20. 


ECNNEL,  J.  YON. 

Annelida,  317. 
Cftenodrilus,  301. 
Nemertini,  231. 
Kbbschnbb,  L. 
Hydra,  51,  52. 

KlSHINOUTE,  E. 

Eobinodermata,  465. 

EliBINBNBBBa,  N. 

AIoiopidaB,  289. 
Annelida,  272,  291. 
Ctenophora,  150. 
Hydra,  51,  52. 
Lopadorbynchos,  288,  292. 
Lnmbrioas,  282,  284,286,  293. 
OligoobflBta,  281. 
Troobopbore,  266. 
Zoantbaria,  89. 

EOOH,  G.  TON. 

Aloyonaria,  76,  80. 
Antipatbaria,  81. 
Astroides,  98. 
Corallium,  83. 
Gerardia,  81. 
Gorgonia,  76. 
Hexacorallia,  81. 
Hvdroidea,  47. 
MelitbeBa,  83. 
Solerogorgia,  83. 
EOFOID,  C.  A. 

Limax,  oleavage  in,  4. 

EoHLBB,  B. 

Acantbocepbali,  255. 
BalanoglossuB,  blood-vascnlar 

system  of,  376-^78. 
Tomaria,  385. 

EdLLIKEB,  A.  YON. 

Ctenopbora,  177. 
Dicyema,  206. 
Stomobrachium,  49. 

^BEN   BT  DaNIELSSBN. 

Aflteroidea,  432. 
Pteraster,  436. 

EOBOTNBFF,  A. 

OalycopboridaB,  75. 
Ctenoplaoa,  201. 
Gastrodes,  58. 
Hydra,  51,  52. 
LaoemaridaB,  102. 

EOBSCHELT,  E. 

Dinopbilus,  314. 
Strongylooentrotos  (Fig.  182), 
398. 

EOWALBVBBT,  A. 

Actinia,  88. 
Adamsia,  88. 
Aloyonaria,  80. 


480 


AUTHORS   INDEX 


KOWALBYSKT,  A. 

Annelida,  287,  288,  291. 
Asteroidea,  456. 
Astnea,  88. 
Aurelia,  105. 

BalanoglossuB,  878,  879,  890. 
Cerianthus,  89. 
ChfBtognatha,  867. 
Olavnlaria,  76. 
Coeloplana,  201. 
Cotylorhiza,  112. 
Ctenopbora.  188, 144. 
Gorgonia,  76. 
Hirudinea,  882. 
Lacernaria,  102. 
LnmbrioQS,  283,  286. 
Oiiffoohsta,  281,  286. 
Pelagia,  118. 
Pleurobrachia,  188. 
PHoIinaB,  419. 
Spongicola,  118. 
S.ympodiam,  76. 
ThalaFsema,  805. 
Turbellaria,  176. 
Zoaotbaria,  88. 

KOWALBVSKT,  A.,  ET  MiiBION,  A.  F. 

Aloyonaria,  76,  80. 
Kbohn,  a. 

Autolytus,  302. 
DioyemidiB,  206. 
Ophinroidea,  762. 
Pelagia,  118. 
Pilidium,  221. 

Lacaze-Ditthikbb,  H.  ds. 

Actinia,  96. 

Aloyonaria,  76. 

AstiroideR,  98. 

Corallium,  76. 

Pennatula,  87. 

Pteroides.  87. 

Zoaniharia,  90,  99. 
Lamo,  a. 

Ctenopbora,  155. 

Ctenoplana,  155. 

Disooeelis,  161. 

Oastroblasta,  49. 

(lunda,  202. 

Polyola«iida,  160,  164. 

Scvpbozoa,  124. 

Turbellaria.  176,  177. 
Lako,  Alb. 

Hydrozoa,  43. 
Lankehtbk,    E.     R%t,    ite     Rat 

Lankbster,  E. 
Lbipoldt,  F. 

Eobinodermata,  465. 


Lendenfkld,  R.  tok. 

Campannlaria,  49. 

Hydroidea,  49. 

Porifera,  80. 

Seyphomednsa,  122. 

Stylorhiia.  121. 

VerBturidn,  121. 
Lbuceabt,  R. 

Allantonema,  241. 

Arobigetes,  199. 

Attraotonema,  240. 

Aolattoma,  818. 

Dioyemidn,  215. 

Distoniam  bepatieam,  180. 

kcbinorbyncbus,  250-254. 

F.pibalia,  71. 

EadoBin,  71. 

GeryonidiJB,  57. 

Hirudinea,  885. 

Hirado,  818,  828. 

Hydroidea,  46. 

Nematoda^  289. 

Orthoneotid«,  215. 

Pietooyitis,  195. 

Redia,  188. 

Rbabdonema,  242. 

Siphonophora,  72. 

Spbemlaria,  240. 

Tflsnia  Boliom,  198. 

TflBniadn,  198,  195. 

Trematoda,  188,  192. 

Triobina.  244. 

TrichocephaluB,  289. 
Lbuckabt,  R.,  und  Paobkbtbcbke, 
A. 

Pilidium,  220,  221. 

LiNSTOW,  O.  TOK. 

Distomidn,  208. 
Gordiidn,  246. 
Loos,  A. 

Cestoda  and  Trematoda,  19S« 

LOBENZ,  L. 

Azine,  203. 

Microcotyle  (Fig.  98),  SOS. 
Lot6n,  S. 

Ecbinodermata,  458. 

PoljgordiuB,  268. 
LuDwio,  H. 

Antedon,  447,  448,  454.  455. 

Asterina,  402,  4as,  407,  414, 
421,  422,  485,  436. 

Asteroidea,  439,  435. 

Cbirodota,  419. 

Cneumaria,  429,  432. 

Holotbnrioidea,  398. 

Opbiuroidea,  403,  438. 

Platens,  425. 


AUTHORS   INDEX 


481 


Maab,  O. 

Oomaouspongia,  22. 

Spongilla,  28. 
MacBbide,  E.  W.,  tee  Bbide,  £. 

W.  Mac. 
McCbady,  J. 

Bolina,  151. 

Gunoctantha,  58. 
McIntosh,  W.  C. 

Nemertini,  233. 

Orthoneotidn,  206. 

Syllis.  304. 

McMuRBICH,  J.  P. 

Anlaotinia,  94. 

Gyanea,  106. 

Hexactinias,  92. 
BIaodebubo. 

Placina,  14. 
Malaqxtin,  a. 

Annelida,  355. 
Marion,  A.  F. 

Balanoglossus,  390. 
Mabshall,  W. 

Porifera,  29,  35. 

Beniera,  25. 
Martens,  E.  von. 

Asteroidea,  455. 
Meonin,  p. 

Ecbinorhynchns,  255. 
Meisbneu,  G. 

Gordiidffi,  244,  245. 
M^REjKowsKT,   C.    DE.     See    also 
Mereschkowskt,  E. 

Porifera,  34. 
Mereschkowskt,  E. 

Hydroidea,  52. 
Mbtschnikoff,  E. 

iEeginopsis,  57,  58. 

Agalma,  64. 

Aglaura,  57. 

Annelida,  271. 

Ascetta,  22. 

Asteroidea,  405. 

Astropecten,  402. 

Aaricularia,  418. 

Balanoglossus,  390. 

Bipinnaria,  432,  435. 

Bracbiolaria,  432,  485. 
.    Campanalaria,  52. 

Ctenopbora,  138, 141, 143, 144, 
149. 

Cnnina,  59. 

Ecbinodermata,  400, 414,  461. 

Echinoidea,  409, 414, 438, 439. 

EpibuUa,  68. 

Esperia,  34. 

GeryonidaB,  53. 


Metschnikoff,  E. 

Halisarca,  25. 

Halistemma,  62. 

Holothurioidea,  481. 

Hydroidea,  39,  40,  50. 

Lencandra,  20. 

Linens,  217. 

Mitraria  (Fig.  124),  276. 

Mitroooma,  43. 

Monostomum,  190. 

Myzostoma,  315. 

Narcomeduse,  57,  58. 

Nansithoo,  113. 

Oceania,  113. 

Opbioroidea,  406,  407,   414, 
437. 

Ophryotrooha,  277. 

Ortbonectidie,  206,  208,  209, 
215. 

Parenchymula,  41. 

Pelagia,  118. 

Pilidium.  221. 

Planaria,  169. 

Rbopalonema,  57. 

Siphonopbora,  60. 

Spatangus,  439,  443. 

Spongicola,  113. 

StylocbopHis,  168. 

Sycandra,  14,  19. 

Terebella,  273. 

Tricladida.  170,  171. 

Tnbalaria,  51. 

Turbellaria,  176. 
Meyer,  E. 

Ampbitrite,  298. 

Annelida,  295. 

Dinophilus,  313. 

Psygmobrancbus,  297. 
Milne-Edwabds,  H. 

Terebella,  273 
Milnk-Edwardh,  H.,  et  Haime,  J. 

Zoantbaria,  90,  99. 
Moniez,  B. 

TflBnia  cucumerina,  193. 

TfoniadflB,  193. 
Monticelli.  F.  S. 

Cercaria  Villoti,  186. 

Trematoda,  192. 
Morgan  ,  T.  U. 

BalanoglossQS,  373,  376,  886. 

MOBTENSEN,  T. 

Ecbinodermata,  465. 

MOSELEY,  H.  N. 

Heliopora,  96. 
Hydrocorallia?,  53. 
Saccopbyton,  96. 
StylasteridsB,  53. 


K*  H.  E. 


I    I 


482 


AUTHORS  INDEX 


Mbazek,  a. 

Cysticercas,  196. 
MULLEB,  JoH.       ^«P^^ 

Arbacia,  419,  422,  425,  432. 

Asteroidea  422.  432. 

Anricularia,  417,  421. 

Ctenophora,  151. 

Mitraria,  275. 

NarcomedusaB,  58. 

Ophiuroidea,  407,  437. 

Pilidium.  218,  221. 

Pletas,  419. 

Tornaria,  882. 

Turbellaria,  202. 
M0LLKB,  O.  F. 

Ctenophora,  137. 

Geryonidae,  57. 

Nachtbibb,  H.F. 

Autedon,  416. 
Nambbn,  F. 

Myzostoma,  317,  318. 
Neumatb,  M. 

Cystidffi,  459. 

NOSCHIN,  N. 

Scypbomedas®,  135. 
Nusbaum,  J. 

Hirudinea,  332. 

OXTDEMANS,  A.  C. 

Nemertini,  231. 

Pebetarlawzewa,  S. 

Ao€ela,  174. 

Aphanostoma,  175. 

Convolata,  175. 

DarwiDia,  175. 

Macrostomum,  175. 
Pebbieb,  E. 

ADtedon,  447,  448,  452,  454, 
455. 

Bhizocrinas,  453. 
Pbte,F. 

Spongilla,  34. 
Plate,  L. 

Botatoria,  260. 
Pbice,  J. 

Ctenophora,  151. 

QVATBEVAOEH,  A.  DE. 

Annelida,  352. 

Racovitza,  E. 

Annelida,  355. 
Randolph, H. 

Annelida,  355. 


Ratheb,  H. 

Clepsine  (Fiff.  153),  324. 
Bat  Lamkebtbb,  E. 

Trochosphere,  266. 
Bbpuchoff,  W. 

Dinophilas,  314. 

BlETBCH,  M. 

EchioridsD,  358. 
Stemaspis,  278. 
BiTTBB,  W.  E. 

Balanoglossaa,  891. 

BOBIN,  C. 

Hiradinea,  327. 

BOULB,  L. 

Enohytneoides,  293. 
BuBSo,  A. 

Echinodermata,  465. 


SfFTTIOEN,  A, 

Eohinorhynchus,  2.S6. 
Salenskt,  W. 

Amphilina,  200. 

Annelida,  279,  288,  294.  300. 

Branchiobdella,  337-340. 

Eobiums,  853. 

Enterostomum,  169. 

Lumbricns,  286. 

Monopora,  228,  229. 

Nemertini,  223,  226. 

Ophryotrocha,  280. 

PiUdiani,  219,  222. 

PolyobsDta,  263. 

Psygmobranchus,  291,  293. 

BbabdoccelidflB,  174. 

Botatoria,  256, 258. 

Terebella,  273,  274,  289,  291. 
Sababin,  p.  und  F. 

Echinodermata,  459. 

Echinoidea,  461. 

EchinothuridflB,  458. 

Linckia,  450. 
Sabs, M. 

Arachnactis,  98. 

Asteroidea,  422. 

Aurelia,  105. 

Bipinnaria,  420. 

Cyanea,  112. 

Oonaotinia,  100. 

SOHAUIMBLANO,  H. 

BothriocephalidflB.  190,  194. 
Bothriocephalas,  192. 
Cestoda,  194. 
DistomidflB,  180. 
Distomnm,  178. 
PriapulidflB,  863. 
Trematoda,  194. 


AUTHORS   INDEX 


483 


SCHIMKEWITSCH,  W. 

Balanoglossus,  391. 
Hydroidea,  131. 

SCHMARDA,  L.  R. 

Hexarthra,  260. 

Rotatoria.  261. 
Schmidt,  F. 

Bothriocephalus,  108. 
Schmidt,  O. 

Asoetta,  22. 

Dinopbilus,  314. 

Esperia,  24. 

ScHNEiDBR,  Ant. 
Nematoda,  238. 
Polygordius,  268. 
Sphferolaria,  240. 

ScHULTZB,  Max. 

Arenicola,  278. 
SCHULZE,  F.  E. 

Halisarca,  20,  25. 

Hydroidea,  50. 

Lophocalyx,  31. 

Oscarella,  20. 

Plakinidse,  22. 

Polygordius,  34. 

Porifera,  30. 

Spongelia,  24. 

SpoDgicoIa,  113. 

SpoDgioblasts,  32. 

Sycandra,  24. 

SCHWABZ,  W. 

Cercaria,  184. 

Redia,  183. 

Trematoda,  192. 
Seeligeb,  O. 

Antedon,  455. 

Asteroidea,  416. 

Eohinoidea,  416. 
Selenka,  E. 

Cacumaria,  419,  429. 

Discocelis,  164. 

Echinoidea,  399,  401,  409. 

Echinus,  39S. 

Enrylepta,  161, 162. 

Holothurioidea,  398,  400,  403, 
431. 

Ophiuroidea,  400,  403. 

Phascolosoma,  364. 

Pluteus,  425. 

Polycladida,  160, 164. 

SphflBrecbinas,  398. 

Strongylocentrotas,  398. 

Synapta,  396. 

Tetilla,  34. 

TbysanozodD,  160. 

Torbellaria,  176. 


I 


Semon,  R. 

Aurionlaria,  418,  421,  426. 

Bipinnaria,  420. 

Holothurioidea,  427,  428,  431, 
432. 

Pentactea,  458, 459. 

Synapta,  427. 
Sempeb,  G. 

FlabeUnm,  100, 102. 

Fungia,  100. 

Hirudinea,  229. 

Naididffi,  302. 

TroohosphaBra,  259. 

Zoantbaria,  102. 

SiBBOLD,  C.  T.  E.  YON. 

Aorelia,  105. 
Mermis,  162. 
Nemathelminthes,  247. 
Trematoda,  132. 

SiMBOTH,  H. 

Ecbinodermata,  456. 
Smith,  F. 

Aurelia,  105. 
SOLLAB,  W.  J. 

Porifera,  29. 
Spengbl,  J.  W. 

BalanogloHsus,  373,  374,  376- 
378,  384,  387,  388. 

BonelUa,  304,  310,  812. 

OrthoneotidaB,  216. 

Tomaria,  385,  386. 
Stbenbtbup,  J.  J.  S. 

Cestoda,  198. 

Cnidaria,  128. 
Stbubell,  a. 

Heterodera,  241. 

Nematoda,  237. 
Studeb,  T. 

AstraBBcea,  101. 

GorgonidaB,  80. 

Oculinacea,  101. 


Tebsin,  G. 

Eosphora,  256. 

Rotatoria,  256,  258. 
Th£bl,  H. 

Echinooyamus,  440. 
Thomas,  A.  P. 

Distomam  hepaticnm,  180. 
Thomson,  C.  W. 

Antedon  (Fig.  223),  451. 

Asteroidea,  422. 

TlOHOMIBOFF,  A. 

Tubolaria,  61. 

TOPSSMT,  E. 

Porifera,  34. 


484 


AUTHORS   INDEX 


Ussow,  M. 

Polypodium,  49. 

Vashedr,  G. 

LeucoBoleiiia,  33. 
Vejdovrky,  F. 

Annelida,  287.  29^<. 

Brancbiobdella,  337. 

Griodrilus,  291. 

Gordiidw,  246.  248. 

Lumbricus,  291. 

Oligochn^U,    281,    290.    297, 
290. 

BhynchclmiB,  282.  284,  28(1, 
291. 

HternaspiR,  273. 
Vkrril,  a.  £. 

Epiactifl.  100. 

VlOUIBB,  0. 

Exogone.  2>40. 281. 
Grubea,  2hO. 
HpbiDrtiBjIlirt,  202. 

ViLLOT,  A. 

Cercaria  8€>tifcra,  180. 

Gordiidn,  214,  24r). 

GordiuR.  211.  245. 

TftMiiada;.  190. 
VooT,  C. 

Araehnactis.  9H. 

Mednsffi.  120. 
VoioT,  W. 

Brancliiobadla,  337. 

VOHMAEU,  Cr.  C.  .). 

Purifcra,  37. 

Wauenku,  (f. 

Aniphiiina,  20<>. 

Dic.veiiiidfc.  20«i. 

MonoBtouuim.  190. 

Bedia,  18:^ 

TaBuiadee.  195. 
Wacskr,  F.  von. 

MyzoRtoma,  317. 

Wa!I1W>LI.KX,  B. 

Nemntbi'ImintbeH,  27H. 

\VUHU.VNN.  A. 

Hydroidea,  47,  48. 
Hydrozua,  43,  45. 


WeIBMAXK^  A..  DND  ISCHIKAWA.  G. 

Botatoria.  256. 
Wkldom,  W.  F.  B. 

Dinopbilas,  314. 
Wrltmkr,  W. 

HiMJUtsilla,  34. 
Whitman,  C  O. 

ClepMiue,  319.  322.  330-332. 

DicyemidH*.  206. 209.  21U.  213. 
215. 

Hirudinea,  324.  332.  3.33. 

Nepbelis,  325. 

WlKRZKJKKI.  A. 

Sponi^illa,  IVt. 

WiLBDX,  E.  B. 

AlcyonRha,  7<i,  82. 
LumbricuH,  293. 
Nereifl.  20». 
Pilidiiim,  220. 
Bonilla.  7(».  H4. 
WiLBON.  H.  V. 

Hydroidea,  129. 
MimirinH.  Ht>,  95. 
Porifera.  3K. 
Zoautbai-ia.  8ri,  91. 

WlSTlNdllArSEN.  C.  V«i\. 

Ann«'Uda,  35i'>. 

/aciiakuk.  O. 

Botatoria,  257. 
Zkunka,  C. 

Ga.str(itrichii.  2<U>. 

Botatoria.  259. 

ZKI.LKIt.  K. 

DiploztHin.  1><9. 

L<MicochI<  iridium.  185.  1H7. 

Polystomum,  Hs. 
Zki'I'ki.ix,  M. 

CtcnodriluK,  301. 

ZlEnl.KU,  H.  K. 

(ia:«tero8toninni  (Fig.  91).  l-*^i. 

Trmiatuda,  192. 
ZoiiiiAri,  N. 

C«*st«Kia.  I'.ri. 
Zi'ii  Strashfx.  I). 

NeulatllelIlliuthi'^,  27^. 
Ztkof^.  W. 

Purifcra.  3m. 


Butler  A  TuiMr,  Thr  Bvlwood  Priiitmc  Wcirk*.  pMnir  •aA  Ijanim 


